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Summary 


The Groundwater Feasibility Study Committee has worked with Hydrometrics 
and City of Helena staff members for the past several months. The committee 
was originally established by the Helena City Commission to aid in the 
investigation and evaluation of potential groundwater supply sources for the 
City. Over the course of the investigation, however, the role of the 
committee has been expanded to include evaluation of all water supply 
alternatives available to the City of Helena. 

The committee recognizes that hindsight is always 20/20 and has little 
interest in providing commentary on past decisions that might seem to be in 
error at this point in time. However, we feel it is appropriate to make note 
of several points that have arisen during our study that we think are cause 
for concern. Some of those points would include: 


1. The population figures used in the Water System Master Plan were 
too high. 


2. Water use projections of the Master Plan were too high. 


3. Groundwater was not adequately investigated prior to the expansion 
and remodeling of the Missouri River Treatment Plant (MRTP). 


4. More reasonably priced alternatives such as direct filtration and 
package plants have not been adequately investigated for use on 
the Ten Mile system. 


5. Cost estimates for a Ten Mile plant appear to be very high in 
comparison with similar cost estimates and recent construction of 


plants at other locations. 


6. The Missouri River Treatment Plant has been expanded in spite of 
the concerns of the Montana Department of Health and Environmental 
Sciences (public health concerns of Ten Mile), the Montana Consumer 
Council and the Public Service Commission (high costs). 
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In conclusion, we commend the Helena City Commission and the City of 
Helena's professional staff for allowing concerned citizens and agencies a 
voice in determining the future of the city's public water supply system. 
We earnestly hope our recommendations will be of value, and we remain 


willing and eager to provide additional input if requested to do so. 
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Recommendations 


Preparation should begin immediately to conduct a pilot plant study 

on the Ten Mile system. We feel the fresh outlook and open-mindedness 

displayed by Hydrometrics during the preparation of its "Evaluation 

of Water Supply Alternatives for the City of Helena, Montana" have 

proven to be of major benefit to the city, and the committee makes 

the recommendation that the city contract with Hydrometrics to: 

(a) Assist in the preparation of a Request for Proposals (RFP) and 
assist in the selection of a firm to conduct the pilot study, 

(b) coordinate the study, and 

(c) review and coordinate the selected firm's report which will 
include cost estimates and recommendations to the city and 


this committee at the conclusion of the study. 


The pilot plant study should be designed to: 

(a) determine if direct filtration is appropriate for two options -- 
where Chessman and Scott are used and where Chessman would not 
be used; 

(b) provide data for design purposes (including taste and odor control); 


(c) determine effectiveness for giardia control. 


Detailed cost estimates should be prepared for each option including: 

(a) direct filtration; | 

(b) conventional treatment; 

(c) a phased conventional plant in which the direct filtration 
portion would be constructed first and in such a manner that the 
remainder of the conventional treatment processes could be added 


if and when they were proven to be necessary; 
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(d) package plants. 


This committee feels the city should immediately take steps to establish 
water rights for groundwater in the Helena valley and to make a more 
exact determination of the cost and feasibility of groundwater as an 
integral part of the Helena water supply system. We are aware there is 


some risk associated with groundwater development, but in view of the 


fact that: 


(a) the lowest cost option appears to be the use of a Ten Mile plant 
(without Chessman and the 24" transmission line) and groundwater 
on peaking purposes with an adequate supply; and 

(b) "deve lopment of groundwater may be foregone if not begun before 
continued development in the valley results in the likelihood 
of significant water rights conflicts" (Hydrometrics' report), 


it is our opinion the risk is warranted. 


_Two to four high capacity test wells should be developed near the 


Missouri River Treatment Plant (MRTP), the MRTP transmission mains, 


or the MRTP raw water line. These wells should be properly constructed 


so they can be used for production wells after approval of the 


appropriate regulatory agencies. 


Two members of this committee should be part of the consultant selection 


committee. 
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SUMMARY 


Hydrometrics has worked in conjunction with the Groundwater Study 
Committee to investigate potential groundwater supply sources for the 
City of Helena. Geologic investigations and test well drilling in the 
Tenmile Creek drainage and in the West Valley have shown that these two 
areas do not have sufficient groundwater development potential to 
benefit the City of Helena's supply system. During this investigation, 
the Committee redirected the focus of the study from analysis of 
groundwater potential and costs to an evaluation of a variety of water 
supply options for the City of Helena. Potential water supply sources 


for the City of Helena are: 


1) Groundwater from a Central or East Valley source, 
2) The Missouri River Treatment Plant, 


3)  Tenmile Creek surface water. 


The various water supply options evaluated are combinations of two 
Supply Sources uSing one source as the primary supply and another as a 
secondary or peaking supply to provide for a peak demand of 20 million 
gallons per day (MGD). Cost analysis indicates there is very little 
cost difference among the primary alternatives. The most promising 


alternatives appear to be: 


1) Primary source - 10 MGD Tenmile Treatment Plant (without 


Chessman repairs). Additional 1 MGD supplied by storage. 
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Secondary source - Missouri River Treatment Plant (9 MGD) 


Capital cost $8,243,000 Adjusted Annual Cost $2,734,105 


2) Primary source - 10 MGD Tenmile Treatment Plant (without 
Chessman repairs). Additional 1 MGD supplied by storage. 
Secondary Source - Groundwater system using Missouri River 
Treatment Plant pipelines (9MGD). Missouri River Plant may 


be needed to supply the peaks. 


Capital Cost $9,445,163 Adjusted Annual Cost $2,688,530 


3) Primary Source - 11 MGD Tenmile Treatment Plant (with 
Chessman repairs). 


Secondary Source - Missouri River Treatment Plant (9 MGD) 


Capital Cost $9,575,000 Adjusted Annual Cost $2,888,586 


Annual and peak day demands for the City of Helena water supply service 
area were determined based on current projected growth information and 
past system water usage. A peak system demand of 20 MGD (exclusive of 
the Hale/Eureka system) is projected for the year 2007. A number of 
conservation and system reduction alternatives were evaluated to see if 
they would provide cost-effective means for reducing peak system 
demands. Although conservation methods may reduce total system water 
use, they have little effect on peak demands. The only potential 
method for significantly reducing peak demands appears to be system 


management or water rationing directed at summer irrigation. use. 
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System design size may be reduced by the efficient use of existing and 
additional in-town storage. Potential cost-reductions to a Tenmile 
Treatment Plant could come from using storage to supplement peak 
demands. Another potential savings would come from the use of direct 
filtration rather than the proposed conventional treatment plant 
design. Although there is no assurance a direct filtration plant would 
work for the Tenmile system, the potential for significant cost savings 


warrant a further evaluation and possibly a pilot plant trial. 


Development of groundwater to supplement the Missouri River Treatment 
Plant would be cost-effective if wells could be drilled near the 
existing plant or lines. Development of groundwater may be forgone if 
not begun before continued development in the valley results in the 


liklihood of significant water rights conflicts. 
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INTRODUCTION 


At the request of the City of Helena and under the direction of the 
Citizen's Groundwater Study Committee, Hydrometrics has completed a 
feasibility study to evaluate water supply alternatives for the City of 
Helena. This study was approved by the Helena City Commission 
September 12, 1983. The City of Helena is required by the Montana 
Department of Health and Environmental Sciences to have an upgraded 
Tenmile Creek or alternate supply source on line by 1987. The initial 
scope of the investigation was to determine if groundwater development 
in the Tenmile Creek or Helena Valley is feasible and to compare costs 
with proposed construction of a 15 MGD (million gallons per day) 
conventional surface water treatment plant on Tenmile Creek. However, 
as the study progressed the scope of the investigation was broadened to 
evaluate other water supply options in addition to groundwater and the 
Tenmile system. The scope of the final phase of the study, involving 
detailed cost comparisons and a system analysis, was delineated at the 
April 26, 1983, meeting of the Groundwater Study Committee. A brief 


history of this project is as follows: 


July 28, 1983 Final Phase I Groundwater Assessment Report 
accepted by Committee. 

September 12, 1983 City Commission Approves Phase I and Authorizes 
Phase II 

November 30, 1983 City obtains easement with RV Ranch for 


drilling test holes near Tenmile Creek 


December 5-12, 1983 Test wells drilled in Tenmile study area. 
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February 3, 1984 City obtains easement to drill test wells at 


Green Meadow Country Club. 


February 17-21, 1984 Test wells drilled at Green Meadow Country 
Club. 
March 15, 1984 Hydrometrics report to Committee on test 


drilling results and committee defines 15 MGD 
plant for cost comparison. 


April 26, 1984 Hydrometrics report to Committee on 15 MGD 


cost comparison and Committee request for 
expanded analysis of water supply options. 


Morrison-Maierle-Montgomery provided assistance with projected water 


demands, Tenmile drainage, water availability, cost estimates and 


effects of increased storage. The final scope of this investigation 


included four components. These are: 


1) 


Assessment of the Upper Termmile drainage for groundwater 


development; 


Assessment of the West Valley area for groundwater develop- 


ment 5; 


Cost comparison between a 15 MGD Helena Valley groundwater 


system versus a 15 MGD Tenmile surface water system; 


Analysis and comparison of a smaller groundwater system and 
Tenmile treatment plant options, and other alternatives, 
including conservation, a direct filtration plant, removal 
of large users from the system and the effects of increased 


water storage. 
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GROUNDWATER AVAILABILITY ASSESSMENT OF THE 
UPPER TENMILE CREEK AREA 


The first phase of the investigation was to evaluate the availability 
of groundwater in the upper Tenmile Creek Valley (Figure 1). This 
involved review of existing geologic data, a seismic refraction survey 
to estimate the depth of alluvium and the drilling of three test wells. 
The advantage of developing a groundwater source in the upper Tenmile 
Valley is that it could potentially replace Tenmile Creek surface water 
and utilize the existing supply lines to supply the Upper Malben- 
Woolston zone. As described in the Phase I Assessment of Availability 
of Groundwater for Municipal Water Supply (Hydrometrics, 1983), little 
hydrogeological information was available on the upper Tenmile Creek 
area and groundwater development would probably depend upon geologic 


conditions suitable for a collector well system. 


UPPER TENMILE HYDROGEOLOGY 

Tenmile Creek is a northerly flowing, high energy mountain stream 
incised in a narrow valley until it reaches the broad relatively flat 
valley near the City of Helena settling basin. Tenmile Creek flows in 
an easterly direction for about three miles from its confluence with 
Sweeny Creek before again entering a narrow incised valley section 
(Figure 1). The broad valley bottom along this reach of Tenmile Creek 
is about one mile wide and three miles long and is the focus of this 
phase of study. Although several shallow wells of moderate capacity 
(200 to 300 gpm) exist along the Tenmile Creek channel, little inform- 


ation was available on the hydrogeological conditions in this broad 
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SCALE: 1" = 7000! APPROX. 


FIGURE | 


GROUNDWATER INVESTIGATION SITE 
NEAR TEN MILE CREEK SETTLING BASIN 


PREPARED BY: HYDROMETRICS 
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valley section. Shallow bedrock is present along the valley margins 
north of Highway 12 and also along the southern side of the valley 
where a gentle break in slope appears to mark the edge of alluvium, 
Numerous boulders and cobbles are visible on the ground surface in the 


valley bottom in the vicinity of the settling basin and the RV Ranch. 


Abandoned stream channels and apparent levee deposits are common across 
the entire width of the valley bottom. In the western portion of the 
study area the present stream channel follows the north edge of the 
valley bottom and flows on bedrock in several places near the settling 
basin. Downstream, the Tenmile Creek channel is closer to the center 


of the valley and flows in a gravel and cobble lined channel. 


The Tenmile Creek Valley contains unconsolidated alluvial valley fill 
underlain at shallow depths by sedimentary and igneous bedrock. Uncon- 
solidated alluvium in the study area was deposited primarily by Tenmile 
Creek. Sweeny Creek is tributary to Tenmile Creek in vicinity of the 
settling basin (Figure 2). Alluvium is exposed to an approximate depth 
of 15 feet in a gravel pit east of the settling pond and consists of 
silty sands and silty, sandy gravel layers with no clean gravel zones 


observable. 


The only high capacity well inventoried in the immediate study area is 
a dug well adjacent to the Tenmile settling basin in Section 34 (TION, 


R5W) used by the City of Helena for municipal water (Figure 2). This 
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well is 60 feet deep, has a static water level of 50 feet, and 


reportedly yields 200 gallons per minute (gpm). 


SURFACE GEOPHYSICS 

The seismic refraction method was used to determine thickness and areal 
extent of alluvium in the Tenmile Creek Valley. This geophysical 
method utilizes the fact that seismic waves travel through different 
earth materials at different velocities. When seismic waves cross a 
lithologic boundary into a denser material, the wave velocity increases 
and the wave paths are refracted. The seismic waves are initiated by 
an energy source which, in this case, was simply a hammer blow on a 


steel plate set on the ground surface. 


Two geophysical cross sections were conducted across Tenmile Creek 
Valley; one near the present Tenmile Creek settling basin and the other 
near the RV Ranch approximately 3000 feet downstream from the settling 
basin (Figure 2). Results of both cross sections show depth to bedrock 
to be about 40 to 50 feet across most of the valley (Table 1). Depths 
to bedrock of about 60 feet were calculated in several places on each 
cross section. Figure 3 shows depth of alluvium in the two cross 


sections as determined by the seismic Surveys. 


TEST HOLE DRILLING 
Three test holes (TW-1, TW-2 and TW-3) were drilled across the Tenmile 


Creek Valley in the vicinity of the Tenmile Settling basin (Figure 2). 
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TABLE 1. DEPTH TO BEDROCK DETERMINED FROM SEISMIC SURVEYS 
NEAR TEN MILE CREEK SETTLING BASIN 


Upper Cross Section (A-A') Lower Cross Section (B-B') 
Depth to Depth to 

Site Bedrock (ft) Site Bedrock (ft) 

W-1 23 E-1 15 

W-2 - E-2 35 

W-3 24 E-3 46 

W-4 39 E-4 36 

W-5 45 E-5 40 

W-6 54 E-6 48 

W-7 49 E-7 59 

W-8 55 E-8 51 

W-9 40 E-9 61 

W-10 60 E-10 “fs 

W-11 28 Pome 60 

W-12 38 E-12 56 

W-13 50 E-13 47 

W-14 58 E-14 41 


Notes: 1. See figure 3 for site locations and cross sections. 


2. Seismic refraction method was used with a hammer 
and steel plate. 


3. Bedrock at provosed plant site is less than 12 
feet, 
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Data from these holes agreed closely with the geophysical cross 
sections. Completion/lithologic logs for the three wells are in 
Appendix 1. The holes were drilled by Lindsay Drilling in December 
1983 under the supervision of Hydrometrics. A rotary drilling rig with 
top-drive casing hammer was used to drill the holes and drive 6-inch 


diameter steel casing. 


Depth to bedrock in the three holes ranged from 47 to 57 feet below 
ground surface. Alluvium generally consists of coarse-grained sand 
with silt, gravel and boulders of igneous lithology. These 
unconsolidated deposits produced very little water during drilling. A 
maximum of a few gallons per minute could be continuously blown from 
any of the holes using the drilling rig. Granitic bedrock (quartz 
diorite) was encountered in each hole directly below the alluvium. 
The northern-most hole (TW-1) encountered fresh, hard granitic bedrock, 
whereas the other two holes (TW-2 and TW-3) encountered weathered, 
decomposed granitic bedrock. The three holes were drilled up to 40 
feet into bedrock. Little or no water was produced from either 
alluvium or bedrock in each hole. Static water levels measured in 
wells TW-1, TW-2 and TW-3 are approximately 30, 38 and 46 feet below 
ground surface, respectively (January 20, 1984). The relationship of 
depth to groundwater, valley fill alluvium and bedrock in the upper 


cross section near the settling pond are shown in Figure 3. 


SUMMARY OF TESTING RESULTS 


Results of the seismic survey and the three test holes drilled in the 
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alluvium of upper Tenmile Creek indicate that potential for development 
of groundwater for a municipal supply system near the Tenmile Creek 
settling pond is very poor. Limited saturated thickness of alluvium 
and low permeability restrict the potential for development of ground- 
water to wells with low to moderate yields near the Tenmile Creek 
channel. In addition, the low permeability of the upper Tenmile Creek 
channel alluvial materials severely limits the possibility of 
developing an effective collector well or infiltation gallery system. 
No further hydrogeologic or cost assessment work on groundwater 


development in the upper Tenmile Creek basin is recommended. 
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WATER AVAILABILITY ASSESSMENT OF THE WEST VALLEY AREA 


After completion of the upper Tenmile Creek phase of the groundwater 
investigation, Hydrometrics was directed by the Groundwater Study 
Committee to investigate the availability of groundwater in the West 
Valley (Green Meadow Country Club) area (Figure 4). The assessment 
involved evaluation of existing geologic and hydrologic data and dril- 
ling of two test wells. The advantage of using groundwater in this 
area is that the existing Tenmile Creek supply lines are only a short 
distance away. However, groundwater from this area would have to be 
pumped to the City's reservoir system. Total lift would be about 400 
feet assuming a pumping level 75 feet below ground surface. As indi- 
cated in the Phase I report (Hydrometrics, 1983), a major constraint to 
development of a municipal groundwater supply in the West Valley is the 


shallow depth of alluvium. 


HYDROGEOLOGY 

The West Helena Valley in the vicinity of Green Meadow Country Club is 
a broad, flat flood plain adjacent to Tenmile Creek (Figure 4). This 
area is just northeast of where Tenmile Creek leaves a narrow valley in 
the mountains and enters the Helena Valley. Geologically, surficial 
materials consist of Quaternary channel alluvium and floodplain 
deposits underlain by Tertiary "lake bed" sediments or older bedrock 
material at depths generally ranging from 50 to 150 feet. Groundwater 


is shallow in this area and there are numerous springs, ponds and 


12 











[3 
2 
ni 7 


be 
VSswbRuotp sft Yo 42Kdq toed see - Wet > 


A ly riatenes ~ a 


Vonse vetewbnirona, say Yd batoay tb. ziow 29 (tFSmOND YH, soot aap 20 “a 


429K ort tt WaJ oWbaUaTR To % 3? lide thaws odt Steph tesvai ot ante : 

























Iname 29 226 oat (2 9yupt4) 5218 idu [2 yxtqwod wobssl nseta) y wotta iv 
ia " 4 
-fiab be B95b Zips vbr bere atgotosp pnt? setxs to noi teyfave rare ta 
etity nt tstswhovovw entzu to Spednevbe oT hte tes3 owt — 
WE cs 
| Saeed 
ad of} ever bluow sate 2fd2 mov dadewbwor1p .1ayaywoll Gw5 | Sonegerh- 


tyofe 6 ¢ftto 9 ntl. faque #a993 sfimnoT entdetxs oft dnd. ai° 884 


OO® Igode od binow FP! (sjoT « .mateve- whoviezss eve oad Of 
-Tont 2A; .sostave bnuoap wofed jas? 2% faye entqdug § i die t 


ct Intarieno>s yausm 6 ,f860l ,2afvsemorbyy) sagged I a26q9, say : 
: : & 


fs 


ont ef yslisV JzaW oft af vfqque aetewbruo'p, gtotnunt 6 to roid 
' “mu Peal fet Adneb WorP 


2+ dud yvsnuod wobseM 954d ¥e. “intory att nit ar tay anatase 


2tqT .(8 sy0g!4) 4so73 si imineT od Sneost be ninty boot sethyh i) 


ly 
a 


nt yolfav wonven & zaves! Jes’ 10 oftane? s7enw to Jesanivon =e s 
fsfaitwo2e iisotpotesd soitig’ enoiol ant avadng tial antes i 


a Lig 


7 


“ntstqboott tins mutatis [sea caste yroRn9 3609" to. rotenne 
fe et a 
. aponbad: abt J ‘cenamting “bed ee eter —" 


28 


Me tewbevet® dag oH at 02 aon? enbenen nthe | nog an a ‘ 
con seen age pene Bev i Aare 
| P > i : 







Su IN/ONI CNY SAISILNIIOS ONIL INSNOD 
SOILINOYOAH 


€N1D AHLNNOD MOQGV3W N33H9D 
1v 
SNOILV9DO1 173M 1S3aL 
YNVLNOW ‘VN3173H 
AGNLS YSLVMONNOYD 
VYN313H SO ALID 


b 3YHNDIA 





NOILVD01 113M © 


SGVOU 3DIAYUAS ONILSIX3— - — 


aa3i—— 0 


¢ 


AYVMYIVs—> 


naauo—i2)/ 
& 


QN3931 


13 


fA 
va 











— - 
. 





- 2is nA od - : 





Comms CFR 
OCWitee 





My > 
cas gee 
Pare Se aro a | 
ies 8 . 
i ee | 
i i ee | 
Fave 
th t 
| tt \ 
: loFget | 
be , 
| | ’ 
. pase vat 
f 
| , / 
’ ¥ ind 


B po Fn ‘i, 
( ' t | | f yi i ~ 


F 
te | , 


‘ 
cc 


¥ 
s : ; 
3 «3 4 
gee = ba 
enfin — a Z ts : 
a —- 
« 2 7 a : 
or . ; 
7 ~ 
p * 
; 


groundwater drain systems. The groundwater system inthis area is 


recharged by infiltration from Tenmile Creek and from irrigation. 


Due to the shallow groundwater table, much of the area is undeveloped 
resulting in limited groundwater use. However, there are a few high 
capacity wells with yields as high as 500 gpm. The Green Meadow 
Country Club and the Woolston wells produce 450 and 330 gpm, 
respectively. These wells are large diameter (about 30 feet), shallow 


and presently are used for irrigation. 


TEST WELLS 

Two test holes (GM-1 and GM-2) were drilled on Green Meadow Country 
Club property near Tenmile Creek (Figure 4). Test well locations were 
chosen to supplement existing data available from well logs. 
Completion/lithologic logs for the holes are in Appendix 1. The test 
wells were drilled by Lindsay Drilling in February 1984 under the 
supervision of Hydrometrics. A rotary drilling rig with top-drive 
casing hammer was used to drill the holes and drive 6-inch diameter 


Steel casing. 


Unconsolidated alluvium consisting of gravel, sand, silt and clay was 
encountered in the two holes. This gravel material is generally 
coarse-grained, sub-rounded to angular, and consists of argillite, 
limestone, quartzite and a variety of igneous rocks. The gravel 
contains a matrix of sandy silt and clay. Bedrock in well GM-1 


consisted of quartzite and was encountered at a depth of 156 feet. 
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Granitic bedrock was reached in well GM-2 at a depth of 135 feet. It 
is estimated that each of these two wells would yield approximately 50 
to 100 gallons per minute (gpm) from unconsolidated alluvium if the 
wells were properly screened or perforated. However, these 
unconsolidated deposits contain sufficient clay which severely limits 
the ability of the aquifer to yield large quantities of groundwater to 


wells, 


SUMMARY OF TESTING 

Based on results from the two test wells and from evaluation of data 
from existing wells in the area, it appears that conventional wells or 
collector type wells would not provide sufficient water for Helena's 
municipal supply. The West Valley area is limited by the thickness and 
low transmissivity of the unconsolidated alluvium. Additionally, 
Seepage available from Tenmile Creek is insufficient to rapidly 
recharge the groundwater system. Although local areas suitable for 
developing high yield wells may exist they most likely are of relative- 
ly small areal extent. Development of a groundwater supply of suffi- 
cient quantity and reliability for a municipal supply does not appear 


to be feasible in the West Valley area. 


1 






















0g ‘vladantxondes: bist bis iH. fas diiohsinilly ? to toss tent bodemtizs ; 
ond tt mutwulls hovebF feenepau wish sidadiaiiahat bacon te 
Sesh) ,.vevewoH., bg $5098» 40 Nanseroe, ee. we 
carmit gt lanevaz ‘igintw xefo dostalttue. atednos. 2dfeaqsb. badiabt to 
GF “etswbaverg Ho ea) dansup. apn et bieky of vet tups. od t me wittde 


we > bh At - + ae | aoe 


. 0) pees .-» OET23T 20 ae 
fstab do. notseulseve mort bue 2 fom.degd ow) dd mort 2tiueen-no beg beret a 
70 2i low; leaotigevnes. ténd avesqqs tf psevs. odd nF ‘at tow ent tate aor 40 
2‘ane ish yot ratew Josiotr ue sabi org Jon bIvow et ign aqy? vossoHtan, i 
bag 22onpatia aid. yd bediwh ab saute yo hi’ teal od] Cail 
yifepotafabA .mvtyu le betebifoenoanu ods Fo ustvieetmaneng.wok > 

Lfbigen. of) tne farm weal et, deend aitmasT Mant sidsltave, tm a 
19% 5idb2iue ego rk lanes ApuodstiA MSd2Ys TOS EWbRUOTS asta apt “ iat 
~“aviJsiony to a6 \istil seom,yand deine yom ei low. bhoty deldente ~—y nate 
+~itwe to yigque yssawbawerp 19 snangotaved +9n3 3x9. fears (Vsne 
199995 Jom 290d ylaque faqiottum.s nett wititdsties bas. vat apap 9 a 
. _ hate yells s2aW odd at otataesh od.03 


oes) es > oe bie, 
‘=, ? 


i 4's ges yet A is 29! Gharet 4 7 
n 


4 -" ¥ 
¢ si } % ‘ we? sehes Yt B he di ; hie bl the ogo Tere io 
y + be “ty 
ae i 
rt ort wa CNet “aioe. ahaa 
, \ : : 


Ae: Et tr socal ait ‘Mah Pewee ety 






A hi 


9 


CENTRAL AND EAST VALLEY DEVELOPMENT POTENTIAL 


The potential for development of groundwater in the central or eastern 
part of the Helena Valley was described by Hydrometrics in the June 
1983 report to the City of Helena. Additional work on assessment of 
these areas was not conducted as part of this investigation. In 
summary, the central part of the valley contains extensive alluvial 
deposits and furnishes water to numerous wells in the area. There are 
a few high capacity wells in the Central Valley area that yield as much 
as 950 gpm. Near interstate highway I-15, there are only a few wells 
and the groundwater development potential is unknown. Groundwater is 
recharged in this area from infiltration of streams and irrigation 
water. The potential for development of municipal high capacity wells 
for municipal purposes would require a detailed hydrological study and 
test drilling. Overall, the potential for development of water supply 
wells is fair. Major groundwater development constraints in this area 
are presence of numerous private wells and limited area of known strata 


capable of yielding large quantities of groundwater. 


The East Valley area contains unconsolidated alluvial deposits derived 
primarily from Prickly Pear Creek. The alluvium contains considerable 
groundwater and a number of high capacity wells. The potential for 
furnishing water for municipal purposes in this area is very good; 
however, a detailed hydrogeological investigation and test drilling 
would be required to define the groundwater system and determine the 


best development plan. Location of wells to avoid conflicts with 
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existing groundwater users would be an important consideration in 


development of East Valley groundwater. 
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GROUNDWATER DEVELOPMENT REQUIREMENTS 


The original scope of the groundwater investigation included outlining 
the requirements for development of a municpal groundwater supply. 
This included a timetable that would be involved if the city decided to 
develop groundwater for Helena's water Anal needs. The following 
description outlines the applicable rules and procedures required for 
developing a public water supply from groundwater. The Water Quality 
Bureau of the Montana Department of Health and Environmental Sciences 
regulates water supplies used for public purposes and the Montana 
Department of Natural Resources and Conservation (DNRC) administers 
water rights laws. The responsibility of the Water Quality Bureau is 
to ensure water is supplied in adequate quantities and that the water 
meets all quality standards. Additionally, the Water Quality Bureau is 
responsibile for review of the water system plans and specifications to 
verify that the planned engineering and construction meet appropriate 
engineering standards. The Water Quality Bureau also has the 
regulatory responsibility for periodic testing of water quality and for 
periodic inspection of the facilities to confirm that water system are 


properly operated and maintained. 


The regulatory framework of the Water Quality Bureau for public water 
Supplies consists of Montana Laws Regarding Public Water Supply (Title 
75, Chapter 6, Part 1, MCA) and regulations pursuant to this Act. 
Regulations applicable to groundwater development for municipal water 


sSupples are: 
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1) 


Public Water Supplies (ARM 16.20.201 through 16.20.307) 


This regulation defines water quality standards, chemical 
and bacteriological testing, testing and sampling records 
and provides reporting and notification procedures and 


variances from water quality standards. 





This regulation requires review of engineering reports and 
plans and specifications for new water supply systems or 
alterations or extensions of existing systems. It also 
provides for registration of well drillers and records kept 


during well drilling. 


This regulation also specifies that reports, plans and 
specifications shall be prepared in accordance with the 
Recommended Standards for Water Works prepared by the Great 
Lakes Upper Mississippi Board of State Sanitary Engineers 
(Ten States Standards). These standards provide guidance on 
well and pump station design, construction, testing and 


Operation. 


The other important law regarding development of groundwater is the 
Montana Water Law (Title 85, Chapter 2, Parts 1-8 MCA), administered by 
the Montana Department of Natural Resources and Conservation. This law 
defines the process of applying for and obtaining a water right. 


Important provisions of this law are: 
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2) 


Application for Permit (85-2-302) 


Defines the application process and the DNRC response to the 


application. 


A) 


C) 


E) 


Criteria for Issuance of Permit 


There are unappropriated waters in the source of 


Supply: 


1) at times when the water can be put to the use 


proposed by the applicant; 


2) in the amount the applicant seeks to appropriate; 


and 


3) throughout the period during which the applicant 
seeks to appropriate, the amount requested is 


available; 


The water rights of a prior appropriator will not be 


adversely affected; 


The proposed means of diversion, construction and 


operation of the appropriate works are adequate; 


The proposed use of water is a beneficial use; 


The proposed use will not interfere unreasonably with 
other planned uses or developments for which a permit 


has been issued or for which water has been reserved. 
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3) Certificate of Water Right 
Defines the DNRC action to determine if the appropriation is 


completed and issuance of a Certificate of Water Right. 


TIME REQUIREMENTS 

The time required to obtain permits for or review of water development 
projects can be an important factor in selection of a water supply 
alternative. Regulatory review time is not completely defined in the 


applicable statutes. 


The Public Water Supply rules do not influence the time required to 
develop a water system but do have requirements that relate to sampling 
and testing of operational supplies. The rules regarding public water 
and sewer plans provides a 60-day review period for water system plans 
and specifications. If the submitted material is not satisfactory, the 
Department may notify the applicant and request additional information. 
In such case, an additional 60 days review period is allowed. The 
Department could again request additional information, if necessary, 
and again extend the review period. A reasonable estimate for review 
of a large groundwater project would be 3 to 5 months after detailed 


plans and specifications have been completed. 


The Montana Water Law provides for agency review of water rights 
application. The Department of Natural Resources and Conservation has 
no statutory time requirements for review of an application until the 


Notice of Application is published. Table 2 gives an estimate of time 
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TABLE 2. ESTIMATED TIMETABLE TO ACQUIRE WATER RIGHTS 


Estimated Time 


Procedure Required 
1) Submit application for interim 
permit for test well development. 6 to 8 weeks 
2) Drill test wells. 3 to 6 weeks 
3) Submit Application for Provisional 
Permit. 
a) goes to public notice 6 to 8 weeks 
b) waiting period 2 to 8 weeks 
4) If no objections, permit is issued. 3 to 4 weeks 
5) If objections arise: 
DNRC will review objections 
and gives opinion on effect 
of proposed well. 4 to 10 weeks 


to 12 months 


WO 


6) Hold public hearings 


7) DNRC issues Proposal for Decision 


after Hearings 1 to 2 months 
a) comment period 4 months 
c) DNRC issues Final Order 1 to 3 weeks 
Total estimated time for issuance 
if public hearing is required 15 to 25 months 
Estimated time if public hearing 
is not required 4 to 7 months 
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required to issue a groundwater right. This time schedule could be 
concurrent with the time required for the WQB to review water system 
plans and specifications. Figure 5 is a flow chart of the time 


expected from project inception to completion. 


CHLORINATION 

A specific concern in groundwater development is whether water 
chlorination would be required by the Department of Health and 
Environmental Sciences. Meetings with the Department of Health and 
Environmental Sciences Water Quality Bureau (pers. comm., Dan Frazer, 
June 1984) indicates that a chlorination program will be required for 
water from wells. The groundwater supply will need to maintain a 
chlorine residual when mixing of surface and groundwater occurs at the 
city reservoirs. Groundwater chlorination equipment need only supply 
enough chlorine to maintain a residual concentration throughout the 
city supply system. Theoretically, chlorine required for well water 
should be less than for surface water. However, chlorine demand in 
dead end mains may result in chlorine residual problems and require 
higher dosages, in amounts similar to surface water. Chlorination 


logically would be added at or near the well field collector system. 
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WATER SYSTEM ANALYSIS 


An initial objective of this project was to determine if groundwater 
development for a municipal supply was feasible and cost-effective in 
comparison with construction of the proposed 15 MGD Tenmile Creek 
Treatment Plant. However, on April 26, 1984, the Committee directed 
Hydrometrics to to evaluate the suitability and cost-effectiveness of 
various water supply alternatives. These alternatives include use of 
groundwater, the Missouri River Treatment Plant, the Tenmile System and 


combinations of these three, 


The Groundwater Committee requested the evaluation because: 


1) Growth projections for Helena and the Helena Valley have 


been revised; 


2) Costs of the Tenmile Treatment Plant have increased because 
Chessman Reservoir will require expensive repairs and the 
water supply line from the proposed Tenmile Treatment Plant 
site to the city reservoirs may require complete 


replacement. 


Hydrometrics developed a more comprehensive study plan to incorporate 


the expanded scope of study. Elements of the expanded study are: 
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4) 


Using latest population census, water use records, and 
city/county planning records, estimate the city's water 
needs for the next twenty years (the life expectancy of a 


treatment plant or well system); 


Assess water availability in the Tenmile drainage with and 
without Chessman and Scott reservoirs including constraints 


imposed by water rights; 


Develop a conceptual plan for the proposed Tenmile system 
using existing 16-inch pipelines (abandoning 24-inch lines) 


and a pump station; 


Conduct a system analysis comparing costs of selected water 


Supply options. Options are: 


a) Use of Missouri treatment plant as primary supply 


source with a groundwater system as a secondary 


(peaking) supply. 


b) Use of Missouri treatment plant as primary source with 


Tenmile treatment plant as a peaking supply, 


c) Use of a Tenmile treatment plant as primary source and 


Missouri as peaking supply, 
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d) Use of a groundwater system as primary source and 


Missouri as peaking supply, and 


e) Combination of Tenmile and groundwater as a primary 


supply with ground and/or Missouri as a peaking source. 


5) Evaluate direct filtration versus conventional filtration 


systems for a smaller sized Tenmile treatment plant. 


6) Evaluate the effects of conservation, additional storage, 
reduction of peak demands, price elasticity, leak repair, 
removal of large water users from system and alternative 
price schecules (off peak rate, inverted price schedule) on 


system design and operation. 


PROJECTED WATER DEMANDS 

One of the most significant reasons for reassessment of Helena water 
needs is the reduction in estimates of Helena's growth in the next 20 

years. Recent estimates of City of Helena growth patterns have revised 
previous estimates from which water demands were derived. The more 
current estimates do not forsee large increases in Helena's water 
service area. Original projections for the Helena area that would be 
served by city water were 58,000 in the year 2000 (Morrison-Maierle- 
Montgomery, 1978) and 38,500 inthe year 2000 (City of Helena, 1981). 


Present analysis, based on 1980 census data, estimates service popula- 
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tion will be about 31,600 in 2007 (Appendix 2). Earlier studies 
predicted large growth in the area north of Custer Avenue. However, 
growth in this area has been limited by flood plain restrictions along 
Tenmile Creek, However, higher growth is expected in the area south 
and east of Helena. This difference in projected growth pattern has 
Significance because of the additional water that will be required from 


the Malben-Woolston zone to service southeast Helena. 


Projected water demands, using the updated population estimates are in 
Table 3 and Figure 6. Peak demand inthe year 2007 for the area to be 
serviced by the City of Helena water supply system is 20.1 MGD. Total 
yearly volume is 2222 MG (6.1 MGD) in 1987 and increases about 0.85 
percent per year to 2633 MG (7.2 MGD) in 2007. The projected demands 
do not include the Hale/Eureka zone. This system is capable of meeting 
projected water demands for its service area through the year 2007 and, 
consequently, was not included inthe analysis. Some water from the 
Hale/Eureka zone is available for use in the Malben-Woolston zone. A 
more detailed description of the Helena distribution system, including 


the Hale/Eureka zone is in the Systems Description section. 
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TABLE 3. CITY OF HELENA PROJECTED WATER DEMANDS 
(Excluding Hale/Eureka System)* 


Total Volume Peak Day Average Day 
Required Demand Demand 
Year (MG) (MGD) (MGD) 
1987 2222 17.4 “Reh 
1992 2316 18.0 6.4 
1997 2416 19.4 6.6 
2007 2633 20.1 bie 3 


* Hale/Eureka system is excluded because it will supply projected 
demands for its service area through 2007. 
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WATER AVAILABILITY 
Projected water demands for the City of Helena can feasibly be met by a 


combination of three sources. These sources are: 
1) The existing Missouri River Treatment Plant, 
2) A groundwater supply, and 


3) A Tenmile Creek surface water treatment plant. 


None of the sources appears to be capable of supplying the entire 
projected demand independently. However, two sources together should 


be sufficient to meet the projected peak. 


Availability of water from the Missouri River is limited by the 
physical size of the treatment plant, supply lines and the agreement 
between the City of Helena and the Bureau of Reclamation. The present 
feasible limit is 9.5 MGD without the addition of an influent pump 


Station and about 12 MGD without plant reconstruction. 


Availability of groundwater, as previously discussed, is probably 
limited to a central or east valley location. In addition, groundwater 
rights of other users, primarily irrigators, may place severe con- 
straints on development of a large volume groundwater system. Tenmile 
Creek also has a number of limitations on water availability. Although 
Tenmile Creek yields an estimated 4249 million gallons per year near 


Rimini, only about one-half of this is available for Helena's municipal 


31 





water supply needs. This is because a large portion of the recorded 
runoff comes during the spring snowmelt before the peak use season and 
because a large volume of water is appropriated for other uses during 


summer low flows. 


The City of Helena possesses the first and second water rights on 
Tenmile Creek for 550 miners inches or 8.9 MGD. In addition, the City 
also possesses the right to divert and store excess (surplus) water. 
However, it is unclear what the surplus water availability is because 


of a lack of sufficient streamflow data. 


Tenmile Creek drainage hydrology and water rights are described by 
Morrison-Maierle-Montgomery in the Water System Improvement Program and 
Master Plan for the City of Helena (April 1978). As noted in the plan, 
two U. S. Geological stream gaging stations are located on the creek: 
one 500 feet upstream of Moose Creek and 2.5 miles north of Rimini and 
the second station near the Broadwater Hotel, 1.5 miles west of Helena. 
The Broadwater station potentially provides a means of estimating 
Surplus water availability for use by the city. If surplus water over 
and above that required by irrigation is available above the Broadwater 
station, the City can divert or store surplus water. If surplus water 
is not available, the City cannot store and divert water in excess of 


its first priority right of 9 million gallons per day (MGD). 
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As stated by Morrison-Maierle-Montgomery, actual surplus water avail- 


ability is difficult to determine because: 


1) Irrigation diversion data and records, prior to 1966 were 


difficult to interpret. 


2) Not all water diverted for irrigation is consumed. A 
portion of the diverted water can be expected to return to 


Tenmile Creek, 


3) Since Walker Creek is downstream of the Rimini gaging 
station, and is ungaged, the estimate of the water it 


Supplies cannot be reliability determined. 


Because additional measurements of streamflows and irrigation flows 
have not been implemented since the Morrison-Maierle-Montgomery (1978) 
Study, it is the best estimate of streamflow and storage availability 
for the Tenmile system. No further level of detail can be justified. 
Using data developed for the report, water availability and storage 
requirements for an 11 MGD treatment plant on Tenmile Creek were calcu- 


lated (Table 4). 
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TABLE 4, TEN MILE CREEK WATER AVAILABILITY AND DEMAND 
FOR AN 11 MGD TREATMENT PLANT 


NORMAL YEAR 


Stream- Stream- 
flow flow 
1987* Available 2007 Available 
Projected for Storage Projected for Storage** 
Month Demand Diversion Required Demand Diversion Required 
August 287 215 72 314 215 99 
September 153 153 0 187 187 0 
October 111 111 0 135 131 4 
November 94 94 0 114 114 0 
December 94 94 0 P15 101 14 
January 86 86 0 87 87 0 
February 78 78 0 78 78 0 
March 93 92 1 93 92 1 
April Ver Izy 0 153 153 0 
May 200 200 0 223 223 0 
June 289 Pag Vode 19 308 2i0** 38 
July ‘$327 270**% 57 334 aOR 64 
TOTAL 1,940 1,790 150 2,140 1,921 219 
CITY OF HELENA PROJECTED WATER DEMANDS - DRY YEAR 
Stream- Stream- 
flow flow 
1987* Available 2007 Available 
Projected for Storage Projected for Storage 
Month Demand Diversion Required Demand Diversion Required 
August 287 208 79 314 208 106 
September 153 153 0 187 175 12 
October 111 62 49 135 62 ig 
November 94 57 37 114 57 57 
December 94 a2 62 115 32 83 
January 86 39 47 87 39 48 
February 78 32 46 78 BY 46 
March 93 42 <0 93 42 51 
April 127 Ly 0 LSS 153 0 
May 200 200 0 225 223 0 
June 289 210** 19 308 20" * 38 
July 327 BI0*% Sh 334 27072 64 
TOTAL 1,940 1,492 448 2,140 15563 577 


* Demand required from an 11 MGD peak capacity plant. 
** Diversion limited by 9 MGD water right. 
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Table 4 shows that if the peak capacity of all MGD plant is utilized 
during a dry year in 2007, at least 577 MG of storage are needed. This 
would use the entire capacity of Scott Reservoir (194 MG) and about 
two-thirds of the capacity of Chessman Reservoir (555 MG). During a 
normal year, Scott Reservoir and the normal streamflow could feasibly 


Supply the City's water needs. 


STORAGE AND FIRE PROTECTION REQUIREMENTS 

Storage and its effects on fire protection is important when 
considering improvements to the Helena water system. Storage is 
important because it provides fire flows even during a power outage. 
The ability of a water supply system to provide fire protection is 
rated by the Insurance Services Office ona scale of one to ten, one 
being the best system and ten being the worst. The adequacy and 
reliability of the source and storage facilities to supply normal 
domestic demand and concurrent fire flows during power outages account 
for approximately 40% of the rating. A gravity supply system normally 
would be rated higher than a pumped supply unless the pumped supply is 
equipped with either standby power or additional storage. Helena was 
graded in 1977 as Class 5, which is higher than other Montana cities. 
The City was penalized heavily for inadequacy of its sources and 
Storage facilites (Insurance Services Office, pers. comm. July 17, 
1984) Consequently, adding storage to the system should be considered 
when improvements are made. Both the proposed Tenmile and the 
groundwater system would add six million gallons of storage. However, 


the groundwater system would add 6 MG of in-town storage would the 
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Tenmile storage would be at the treatment plant. Maximum flow without 
power for the Tenmile storage facility would be only 6 MGD. This may 


limit its usefulness. 


SYSTEMS DESCRIPTION 
The description of the City of Helena water system and proposed 


improvements is divided into five main areas: 


pe 


) Existing Tenmile surface water supply system, 
2) Existing Missouri River Treatment Plant and supply system, 
3) Helena area distribution system, 
4) A proposed groundwater supply system, and 
5) Proposed Tenmile surface water improvements. 
An understanding of the three main supply systems in addition to a 


general knowledge of the city distribution system is needed to deter- 


mine which supply options are most feasible. 


Tenmile Surface Water Supply System 


The present Tenmile System consists of the following major components 


(Morrison-Maierle-Montgomery, 1978), (Figure 7): 


1) Chessman Reservoir (550 million gallons (MG) storage); 


2) Scott Reservoir (194 MG storage); 
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PROPOSED IMPROVEMENTS 
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FIGURE. 7 


EXISTING TENMILE SURFACE 
WATER SYSTEM 
AND PROPOSED SYSTEM IMPROVEMENTS 
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3) An 18-inch pipeline parallel to Tenmile Creek that extends 
from Rimini to the settling and surge pond near the inter- 


section of Highway 12 and Rimini Road; 


4) A settling and surge pond (6 MG storage) 


5) Three supply lines (one 24-inch steel, a 16-inch cast iron 
and a 16-inch steel) that extend from the settling and surge 
pond to Yaw-Yaw near the Broadwater Health Spa (27,700 
feet). Presently, the 24-inch line is in poor condition and 
is estimated to leak about 1 to 1.5 MGD (pers. comm. Lyle 


Griffiths, May 15, 1984). 


6) Two lines (a 24-inch steel and a 14-inch cast iron) that 
extend from Yaw-Yaw to Williams Street (7,000 feet) and the 


Malben-Woolston reservoir system. 


Typical operating procedure is to utilize streamflow from Tenmile Creek 
and its tributaries in the winter and early spring months until 
downstream irrigation begins. Headgates at the various intakes along 
the 18-inch supply pipeline are controlled to minimize turbidity. When 
irrigation begins water is drawn from Scott Reservoir. Normally, Scott 
provides water until the end of July or the first few weeks in August. 
At this time, water from Chessman is used until the irrigation season 
is over and streamflows increase enough to supply the demand. Scott 


and Chessman are filled during the spring runoff. 
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Peak capacity of the present system is about 9 million gallons per day 
(pers. comm. C. Dickertt, July 16, 1984). The limiting factor is the 
supply lines between the settling/surge pond and the city. Settling, 
rough screening and chlorination are done at the settling and surge 
pond and are the only treatments given the raw water. The settling 
pond is reportedly short circuiting and presently only reduces turbidi- 


ties by about 0.5 NTU (pers. comm. Lyle Griffiths, May 12, 1984). 


The capacity of the Tenmile system varies with pipeline size and 
Storage facilities utilized. The existing system can supply about 9 
MGD using the existing two 16-inch and the 24-inch pipeline (C. 
Dickertt, pers. comm. July 16,1984). Because the capacity of the 
Tenmile system to satisfy the future water demands is impacted by the 
capabilities of the transmission mains, an analysis of the meane is 
important. A report by CH2M Hill (1983) inthe environmental impact 
statement for the Helena West Highway project concluded the l6inch 
diameter cast iron main has a remaining life of 75 years; the l6inch 
steel main has a remaining pipe life under worst corrosion conditions 
of 20 years. If within five years the internal corrosion rate is 
minimized by treating the water at Tenmile to make it noncorrosive, the 
life of the pipe can be extended to 30 or 40 years. If cathodic 
protection is applied to the pipe and if the water is treated, the pipe 
life could be extended to that of the cast iron pipe (75 years). The 
projected usable life of the existing 24-inch line from the settling 


basin to the juncture with the 16-inch mains at Yaw Yaw was less than 
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TABLE 5. TENMILE TRANSMISSION SYSTEM 


(Settling basin to Yaw Yaw) 


16 inch cast iron 7/5720 
16 inch steel 27,720 
(Yaw Yaw to Woolston) 

14 inch cast iron (reduces to 12 inch 

at Cannon St.) 27 310 
24 inch steel (reduces to 20 inch at 

LaGrande and Grant Sts.) 27,318 
Elevations fiachse* 
Settling Basin A 020 
Yaw Yaw 4,034 
Woolston, Overflow 4,307 


* Mean Sea Level 
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five years. The remainder of the 24-inch main is in acceptable 


condition. 


Elements of the transmission system exclusive of the 24-inch main from 
the settling basin to Yaw Yaw are summarized in Table 5. The pipe 
configuration taken as a whole from the settling basin to Woolston 
Reservoir would be equivalent to a single 23-inch diameter pipe. Taken 
as two separate pipes in series corresponding to a pipe from the 
settling basin to Yaw Yaw and another pipe from Yaw Yaw to Woolston, 
the two 16-inch pipes in parallel are equivalent to a single 21-inch 


main. 


Investigations conducted by Hunt (1970) estimated a hydraulic fiction 
coefficient Hazen-Williams "C" factor of 110 for water mains in the 
Helena water system. Using the Hazen-Williams "C", capacity of the Ten 
Mile Transmission system to deliver water to the City of Helena under 
gravity conditions exclusive of the 24-inch main from the settling 


basin to Yaw Yaw is computed to be 6 million gallons per day. 


Missouri River Treatment Plant 


The existing facilities of the Missouri River Treatment Plant (Figure 


8) are: 


1) Regulating reservoir water supply seven miles east of 


Helena; 
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2) Six miles of 30-inch gravity pipeline extending from the 


regulating reservoir to the treatment plant; 


3) A 12 MGD total capacity (9.5 MGD nominal) conventional 
treatment plant located on Canyon Ferry Road two miles east 


of Helena. 


4) Upper zone and lower zone 20-inch pipelines. The upper zone 
line extends from the treatment plant to Malben-Woolston 
reservoir system. The lower zone line serves Helena area 
north of the Burlington Northern Railroad tracks excluding 


the city industrial park. 


The regulating reservoir is a multipurpose impoundment used for 
irrigation and the Helena municipal water supply. The reservoir is 
managed by the Bureau of Land Management. Currently, the City of 
Helena has a contract to purchase up to 5680 acre-feet of water annu- 


ally. 


The 30-inch gravity pipeline from the regulating reservoir extends 
along Canyon Ferry Road and is about six miles long. Flow capacity of 
the line is about 9.5 MGD when the regulating reservoir is at low stage 
which normally occurs in the summer. A booster pump station would be 


required increase the capacity to 12 MGD. 
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The water treatment plant facility located on Canyon Ferry Road has a 
design capacity of 12 MGD. However, the present capacity of the plant 
is 9.5 MGD because of the limited capacity of the incoming gravity 
pipeline. The maximum projected demand (peak day year 2007) in the low 
zone is about 3.3 MGD and maximum volume that can be pumped to the 
upper zone is 5.8 MGD. The theoretical design capacity of the upper 
zone pipeline is greater than 6 MGD but severe surge problems have 


hindered higher pumping rates. 


City Distribution System 
The city distribution system ranges in elevation from 3800 to 4500 feet 


and is divided into four pressure zones (Figure 9): 


1) Upper Malben-Woolston 
2) Lower Malben-Woolston 
3)  Hale/Eureka 


4) Winne 


The following is a general description of each zone and its importance 
in the projected water improvement program. A detailed description of 
the system is in the 1978 Water System Improvement Program and Master 


Plan (Morrison-Maierle-Montgomery, 1978). 
Malben-Woolston Zones 
The Upper and Lower Malben-Woolston zones comprize about 85 to 95 


percent of the city's water distribution system. Elevation varies from 
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3820 to 4275. Because of the large elevation differences, the Malben- 


Woolston system is divided into the upper and lower pressure zones, 


The upper zone is supplied by the two Woolston reservoirs at the base 
of Mt. Helena and by the Malben reservoir near the end of South Montana 
Street. The Woolston reservoirs are supplied by the Tenmile supply 
line while the Malben reservoir receives most of its water from the 
Missouri River Plant. A cross-town pipeline links the reservoirs and 
allows exchange of water when one or the other of the supply systems 
are not operating. The upper zone serves the majority of the city 


above and south of the Burlington Northern Railroad tracks. 


The lower zone serves the city below and north of the BN tracks. Water 
is supplied to the lower zone from the upper zone through pressure 
reducer valves along the Burlington Northern tracks. Alternately, the 
lower zone receives water from the Missouri River Plant via the 
recently constructed 20-inch supply pipeline along Custer and Benton 
Avenues (Figure 9). During periods of low use, the lower zone can also 
be supplied with groundwater from a 0.8 MGD well near the Missouri 


Plant through the 20-inch pipeline. 


Hale/Eureka Zone 

The Hale/Eureka zone is located above the Malben-Woolston zone and 
comprizes less than 5 percent of the existing distribution network 
(Figure 8). The zone is served by gravity flow from the Hale Reservoir 


(Elevation 4370) and the Eureka well (infiltration gallery). The 
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Hale/Eureka system is separated from the upper Malben-Woolston zone by 
valves along Broadway Street. Because of limited growth potential, the 
supply from the zone is expected to exceed the demands in the design 
except during peak periods. Consequently, a small surplus will be used 


to supplement the upper Malben-Woolston zone when available. 


Winne Zone 

The Winne zone serves about 7 to 10 percent of the distribution system 
and ranges in elevation from 4477 at the Winne tank south of Virginia 
Dale Street to 4050 near Beltview and Saddle Drives. All of the water 
to the Winne zone must be pumped from the Upper Malben-Woolston zone. 
Consequently, the zone is essentially an extension of the Malben- 
Woolston zone. The Winne zone is experiencing rapid growth which is 
expected to continue in the next 20 years. Much of the projected 


demand in the future comes from this area. 


Helena Valley Groundwater System 
A hypothetical Helena Valley groundwater supply would extend from a 
point in the Central or East Valley area to the Malben-Woolston Reser- 
voir system (Figure 10). 
The supply system will consist of the following major components: 

1) Well field of 6-8 wells; 

2) Collector system; 


3) Chlorination system; 
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4) 24-inch (11 MGD) or 30-inch (15 MGD) ductile iron supply 
line (21,200 feet) that extends from a point in the Helena 


Valley to Custer and Montana Avenue. 


5) Optional high service pump station (required if wells are 


not designed to supply total lift). 


6) A 24-inch (11 MGD) or 30-inch (15 MGD) ductile iron distri- 
bution line from Montana and Custer to the Malben-Woolston 


Reservoirs with feeder line taps along the route. 


7) An additional 6 MG storage reservoir at the Woolston 


reservoir. 


Well Field 

The exact location of a potential the well field is not known at this 
time. However, existing hydrolgeologic data indicates that a suitable 
source of groundwater can be developed in either the Central or East 
Valley area. The East Valley location is the most promising location 
because it is more sparsely populated which may allow development of an 
extensive well field without interferring with water rights of present 


users. 


For purposes of initial cost comparisons (15 MGD supply size), it was 
assumed that a suitable groundwater source could be developed and would 
be located within a distance of four miles from the Custer and Montana 
Avenue intersection. This distance encompasses an area extending 


eastward to the intersection of Canyon Ferry Road and Wylie Drive, 
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northeastward to a point slightly beyond the Mountain View School for 
Girls and northward to a point one mile beyond the intersection of 


Montana Avenue and Sierra Drive (Figure 10). 


A typical well field arrangement would consist of two sets of four 
wells. Wells will be approximately 600 feet apart and 150 feet deep. 
Estimated pumping water level is 100 feet below ground surface. Each 


well is estimated to be capable of yielding about 2000 gpm. 


Collector System and Chlorination Equipment 

Each well would be manifolded into the main supply line. Wells would 
be equipped with telemetry equipment and would cycle to meet demand 
required at the city reservoir system. Initially, only four to six 
wells would be drilled, developed and put into service. As system 


requirements increased, additional wells would be added to the system. 


Chlorination of the groundwater supply would be required to maintain a 
chlorine residual when mixing of surface and groundwater occurs at the 
city reservoirs. However, the chlorination equipment required of the 
groundwater system need only supply enough chlorine to maintain a 
residual concentration. The one-hour contact hour time normally re- 
quired of surface water systems will not be required. Chlorination 


would be added at or near the well field collector system. 
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Main Supply Line 

The main supply line would consist of a 24-inch (11 MGD) or 30-inch (15 
MGD) ductile iron pipe extending from the well field collector system 
to the City of Helena distribution system at the intersection of Custer 
and Montana Avenues. Approximate length is four miles, or 21,200 feet. 


Costs for the pipeline include digging, laying and backfilling. 


Optional High Service Pump Station 

The large elevation difference between the well pumping level and the 
reservoir elevation may require an intermediate high-lift pump station 
be installed in the system. Estimated elevation difference is about 
700 to 750 feet. To minimize power transmission costs, the pump 
Station would be located near the 69 kilovolt power line than extends 
along Custer Avenue (Figure 10). A sub-station must be constructed 
because of the large power requirements of the pump station (MPC, pers. 


comm., March 12, 1984). 


If wells can be located within a short distance of the city limits, the 
pump station may be eliminated. Water would then be pumped directly 
from the well to the reservoirs. This would be feasible because of 
reduced pumping head and a shorter pipeline which would reduce the 


possibility of surging. 
Connection to City Distribution System 
The City of Helena's present distribution system is pressurized by the 


elevation head supplied by the Malben-Woolston reservoirs. Consequent- 
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ly, the reservoirs and large trunk lines are located at the upper 
portions of the city. All water in the high pressure system, including 
water from the present Missouri River Treatment Plant, passes through 
one of these reservoirs. A groundwater system, therefore, would also 


supply the major portion of water to these upper locations. 


Preliminary in-town alignment for the groundwater supply system 
pipeline would be along Montana Avenue from Custer to the intersection 
with Helena Avenue, then along Helena Avenue to Placer Street, and up 
Placer Street to the 24-inch trunk line that feeds the Woolston 
Reservoir. The 30-inch line will be tapped by small feeder lines along 


the route which will allow reduction of its size near the reservoirs. 


Proposed Tenmile System Improvements 
The City of Helena has agreed to meet drinking water standards by 1987 


(Appendix 3). Improvements are proposed for the Tenmile system in 


three areas. 


First, a conventional treatment plant is planned at the settling ponds 
to control turbidity, taste and odor problems and the potential for 
bacteriological problems. Turbidity of the present system at times 
exceeds the Federal Safe Water Drinking Act of five turbidity units. A 
schematic of the proposed conventional plant is shown on Figure 1l. 
Raw water from Tenmile Creek is mixed with coagulants in a rapid mix 
chamber and pumped to the floculation/sedimentation basin where the 


growth of large settable particles occurs. Flow then passes through a 


a 




















are a a witha sided 

gdord aaean an T9 Sawitnast soyEM TouiRette sander sit n0%% vosaw 

ante Wilion sevotsads Vwhdae aatwlnuons r eitowasest 926At to ono > ‘ 
pte hi nears hits vetsn sis ulagee 








Manaye cfqquz ve Sawbrrugry wT Wet todapi ls Nwot—ni le 
nobtogarssat ay of 1s aac hg scl. Sion ontleqiq 
~ bre , 36932 ve0674 ot sungvt one ten Qrols nets .sons¥A snstoH dttw 
nosefooW efd ebost tery anit song font-*S ont of $9542 99619 
nots zent! rsbsst \ifeme yd baquet attin anh Hon 08 ght vtovreaaA, ) 
24tovrsee% ont than gute art ¥ Yo notapibon watt Fhiw Aotdtw g3uoy sid 


temeavoanl she sit bis 


VO2I yd 2bsbnesz vedew gatiniyd doom of baswys 20M ensfdH to'ys{d adh iy 
nt maseye offmnsT att yo% bezoqove 915 2insmavorgal fe xtbne gg) 


ebnag prt fitee od? 36 berinatq oF Insiq! doom teays Tin ta 
10t Ssiingtog oft brs 2metdorg vwdo bie aa ts: vino vot 

“2emtd ts modeye tnsze%g 92 °Yo ysthteyT ei a. 
A. ,zettow ystbidwus ‘avi? to ot ottnind aaea 4 eee r 7 
14 sintt na smote at tate Isnottmavnos bezoqorg ott Fo. hYsmaitog: | 


a | 
: ov 








y 
a 








———_———.. 
8261 ‘AYNAWODLNOW ‘3S 1H3IVW-NOSIYHYOW -390YNNOS 


WVYOVIC OILVWSAHOS LNV1d TVWNOILNSANOO 


1! 3aY¥nNndI4d 





NOILVWY 193Y 
Y3LVM HSVM 








SdWnd 
Y3LVM HSM 


TTV3aMYV3IO OL L NOILVIN3WIG 3S 
Y3LVM G3yN3sLN4 4 GNV NOILV INDD014 








XIN OldVuy 


LLL 


39VY¥OLS ONY SONINOODV) 390N7S 


334d 
SMWN3L WOuS 
Y3LYM MV 





3NIYOTHD 
3LINOLN38 


Le Pr 


39VY¥OLS ONV 
ONIO3343 TVOINSHOD 


31410Y¥19313A10d 


+4 
= 
bh 
= 
r7 
i, 
= 
9 
= 
fad 
< 
* 
o 


cca 





common wall into the sedimentation basin where particles and floc 
Settle out. The settled water is collected, preconditioned with 
polyelectrolyte or chlorine and routed to the filters. Filters are 
gravity-type dual media (anthracite and sand). Filtered water is 
chlorinated as necessary to provide adequate residual in the city 
distribution system. The plant would be designed to operate by direct 
filtration (without the flocculation/sedimentation stage) during much 
of the year. General conditions that allow use of direct filtration 
are low turbidity water, absence of taste and odors and low alkalinity. 
These conditions are expected to occur about 8 months out of the year. 
The remainder of the year the plant would operate as a conventional 


plant. 


Second, the 24-inch supply line from the settling pond to Yaw-Yaw and 
along Highway 12 to town will require replacement because of 
construction along Highway 12. The Montana Highway Department (MHD) 
may be responsible for a portion of the costs of the replacement. 
However, at this time, it is unclear what that portion will be. The 
MHD claims that, because of its poor condition, the line has no useful 
life or salvage value. For this investigation, it is assumed that the 


City of Helena will bear complete replacement costs. 


A third consideration in the Tenmile improvement is the additional cost 
of repairing Chessman Reservoir. A dam safety analysis by Morrison- 
Maierle in 1983 has determined that Chessman Dam does not have an 


adequate seismic safety factor to be filled to peak capacity (Morrison- 
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Maierle, 1984). Consequently, either the dam must be repaired or used 
at reduced capacity. Cost to repair the dam is estimated to be 1.06 
million dollars. The reduced capacity at which the reservoir may be 


Operated with an adequate seismic safety factor is not known. 


The maximum daily demand required of the Tenmile System is estimated to 
be 11 million gallons per day in the year 2007. Therefore, either the 
24-inch main from the settling basin to Yaw Yaw will have to be 
replaced or an in-line booster station constructed to maximize the 
availability of water from the Tenmile System. Cost of pipeline re- 
placement is contained in the 15 MGD cost comparisons and is much more 


expensive than a booster pump station. 


Hydraulic investigations conclude that if an 11 million gallon per day 
booster station were constructed at Yaw Yaw and the pipeline were kept 
full and allowed to "float" on the settling basin, the resulting 
velocity of water in the pipeline would be 7.2 per second. Velocities 
of seven feet per second are high but are commonly accepted in design 
practice. The pressure at the intake of the booster station would be 
44 pounds per square inch and the discharge pressure would have to be 
115 pounds per square inch. The net differential pressure of 71 pounds 
per square inch requires a 420 horsepower pump assuming an efficiency 
of 75 percent. Operation of the booster station would only be required 
when the demand exceeds 6 MGD. Presently, the pipeline capacity is 
approximately 3.6 MGD. The reason the pipeline does not flow at the 


theoretical capacity of 6 MGD is not known. 
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COST COMPARISON AND ALTERNATE OPTIONS 


COST ANALYSIS ASSUMPTIONS 


The following assumptions were used in developing costs for both the 


Tenmile Creek surface supply, the Helena Valley groundwater systems and 


the Missouri River Treatment Plant (MRTP). 


1) 


6) 


Power costs follow Montana Power Company rate schedule 
estimates as submitted to the Montana Public Service 


Commission (April 1983). 


Interest rate for municipal bonds to finance capital cost 
(except MRTP) is 10 percent annually for a 15 year period. 
MRTP interest rate is 9.2 percent for 20 years which began 


LS). 


Design life of pipelines is 40 years; design life of 


treatment plants, pump stations and wells is 20 years. 


Cost to acquire water rights, access to property and right- 
of-way easements for groundwater system is estimated at 
$250,000. This could increase substantially if legal 


difficulties arise. 


Cost to determine and improve the capacity of the existing 
Tenmile 16-inch pipelines to its design of 6 MGD is minimal 


and can be achieved by maintenance funds. 
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A few other factors should also be considered. One is that there are 
still a number of unknowns in the groundwater option including whether 
sufficient good quality water is readily available at a reasonable 
distance from the city limits and what is the cost would be to obtain 


right-of-way easements to build a pipeline. 


Annual costs for power, maintenance and chemicals were adjusted for an 
inflation of 4.8 percent per year. This value is the approximate 
prediction made by the Montana Power Company in their April 1983 rate 
increase request. This value appears to be a reasonable estimate of 
future inflation given the uncertainty of economic predictions. 
Although, not strictly true, adjusted or equivalent annual costs can be 
thought of as an average between 1987 and 2007 costs, including opera- 


tion, maintenance, capital cost and debt service. 


15 MGD COST COMPARISONS 

At the March 15, 1984, Groundwater Committee meeting, Hydrometrics and 
Morrison-Maierle were directed to develop costs for a 15 MGD capacity 
groundwater system and to update costs of the proposed 15 MGD Tenmile 
surface water treatment plant. These were to be compared to determine 


if a groundwater supply is a feasible, cost-effective alternative. 


Costs for a 15 MGD capacity Central or East Valley groundwater supply 
and updated costs for a proposed 15 MGD Tenmile surface water supply 
are shown on Tables 6 and 7. Detailed costs are in Appendix 4. Com- 


parison of these costs indicate that over the long-term, the options 
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TABLE 6. 


COST ESTIMATE FOR CITY OF HELENA GROUNDWATER SUPPLY 


CENTRAL OR EAST VALLEY LOCATION 


DESCRIPTION 


SITE INVESTIGATION 
drill test wells, aqui- 
fer test, sample 
obtain water rights & 
easements 


DRILL HI-CAPACITY WELLS 
incl drilling, develop 
ment and misc 
install pumps w/controls 


CONSTRUCT WELL MANIFOLD SYST 
12 inch pipe 
16 inch pipe 
20 inch pipe 
24 inch pipe 


valves & fittings (25%) 


CHLORINATION EQUIPMENT 


CONSTRUCT PUMP STATION 
Pumphouse w/ wetwel] 
Turbine pumps 
Pump controls 
telemetry equipment 


valves & fittings (25%) 


CONSTRUCT PIPELINE 
30 inch pipeline 
36 inch steel casing 


valves & fittings (15%) 


UNIT 
UNITS PRICE 
Each $10,000. 


lump sum $250,000. 


Each $40,000 
Each $75,000. 
Bop RS $70 
srs $80 
ig $90 
a ae $100 
total $102,000. 


lump sum $30,000. 


Each $50,000. 
Each $50,000. 
Each $50,000 


lump sum $100,000. 


total $187,500. 
feet $115 
feet $325 


lump sum $372,851. 


583 


00 
00 


00 


00 


00 
00 
00 
00 


00 


00 


00 
00 


.00 


00 


00 


00 
00 


25 


= 5 MoO 

TOTAL 

QUANTITY COST 
5 $50,000. 
1 $250,000. 
SUB-TOTAL $300,000. 
6 $240,000. 
6 $450,000. 
SUB-TOTAL $690,000. 
1200 $84,000. 
1200 $96,000. 
1200 $108,000. 
1200 $120,000. 
$408,000. 
1 $102,000. 
SUB-TOTAL $510,000. 
1 $30,000. 
SUB-TOTAL $30,000. 
1 $50,000. 
6 $300,000. 
6 $300,000. 
i $100,000. 
$750,000. 
1 $187,500. 
SUB-TOTAL $937,500. 
21120 $2,428,800. 
175 $56,875. 
$2,485,675. 
1 $372.b0h< 
SUB-TOTAL $2,858,526. 
PAGE TOTAL $5,326,026. 


SSS SS ——_—— —— ——_ 


CITY OF HELENA GROUNDWATER SUPPLY COST ESTIMATE (CONT) 


UNIT TOTAL 
DESCRIPTION UNITS PRICE QUANTITY COST 


BAL FORWD $5,326,026.25 
6 MG STORAGE FACILITY 
6 mg steel tank w/ 


foundation & piping lump sum 1,101,700 1 $1,101,700.00 
CITY WATER MAIN SYSTEM 
pavement replacement Sis $20.00 10719 $214,380.00 
trench excavation Gaye $3.04 22841 $69,436.64 
30 inch pipeline Calis $110.44 12175 $1,344,607.00 
valves & fittings lump sum $91,041.40 1 $91,041.40 
20 inch pipeline et ae $61.66 2650 $163,399.00 
valves & fittings lump sum $22,765.48 1 $22,765.48 
12 inch pipeline LeFe $28.91 140 $4,047.40 
valves & fittings lump sum $18,329.33 1 $18,329.33 
10 inch pipeline Lo Fey $24 .87 325 $8,082.75 
valves & fittings lump sum $1,223.18 1 $1,223.18 
SUB-TOTAL $1,937,312.18 
ESTIMATED CONSTRUCTION COST $8, 365,038.43 
Contingencies @ 15% $1,254,755.76 


SUB-TOTAL $9,619,794.19 
Engineering & Inspection @ 15% $1,442,969.13 
Legal & Administrative @ 3% $288,593.83 


Sh Rec SG hee Sr ea 
Financing @ 3% $340,540.71 


1984 TOTAL PROJECT COST (ENR 1984 = 4118) $11,691,897.86 
1987 TOTAL PROJECT COST (ENR 1987 = 4204) $11,936,070.57 
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are about equal economically. The groundwater option would require 
less initial capital investment than the Tenmile system but would be 
more expensive to operate on an annual basis because of the higher 


pumping costs. 


Costs of the Tenmile and groundwater 15 MGD systems were presented to 
the Groundwater Study Committee meeting on April 26, 1984. After 
reviewing the information, the consensus of the Committee was to 
continue the investigation but to look at other water supply options 


before committing to either a groundwater or a Tenmile 15 MGD plant. 


ALTERNATE SUPPLY OPTIONS 

Following the cost analysis of the Ten Mile and groundwater 15 MGD 
supply systems, other options were considered using the new projected 
water demands. In the analysis, the Hale/Eureka system was not 
included because the system will supply more than its service area 
through the year 2007. Excess water supplied by the system was 


included as an additional supply to the Malben-Woolston system. 


Projected water demands to the year 2007 indicate that approximately a 
20 MGD peak flow will be required in the Malben-Woolston system. 
Traditional engineering practice is to design for this peak. Since the 
Missouri River Plant can supply 9 MGD, the additional 11 MGD must come 
from a groundwater or Tenmile supply. Table 8 outlines options con- 
sidered most viable and Table 9 shows capital and annual operating 


costs for each option. Detailed costs are in Appendix 4. 
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PRESENT 
WORTH (1987) 


$26,032,230. 


$28,752,484. 


$24,592,160. 


$23,276,977. 


$24,531,612. 


$23,981,414. 


$22,888,971 


27 


15 


o7 


13 


51 


94 


47 


TABLE 9. SUMMARY OF SYSTEM OPERATION OPTION 
EQUIVALENT EQUIV. ANNUAL 
OPTION ANNUAL COST CAPITAL COST OPERATING COST 
1 MRTP - Prim - 9MGD $1,766,486.00 $0,196,277, 
Grndwtr - Peaking - 11MGD $1,291,250.00 $7,922,315.00 $232,289. 
$3,057,736.00 $7,922,315.00  $1,367,566.0 
2 MRTP - Prim - 9MGD $1,766,486.00 S1yL305e/7. 
Tenmile - Peaking - 1IMGD $1,610,770.00 $9,575,009. 23 $338,228. 
$3,377,256.00 $9,575,009.23 $1,473,505. 
3a Tenmile w/Chessman - 11MGD $1,827,587.00 $9,575,009.23 $555,046. 
MRTP - peaking - 9MGD $1,060,999.00 $429,790. 
$2,888,586.00 $9,575,009.23 $984,836. 
3b Tenmile w/o Chess. - 1LOMGD* $1,641,679.00 $8,243 ,000.00 $607,000. 
MRTP - peaking - 9 MGD $1,092,426.00 $516,000. 
$2,734,105.00 $8,243,000.00 $1,123,000. 
4 Grndwtr - Prim - 11MGD $1,820,475.00 $7,922,315.00 $761,515. 
MRTP - Peaking - 9MGD $1,060,999.00 $429,790. 
$2,881,474.00 $7,922,315.00 $1,191,305. 
5a Tenmile - Prim - 11MGD $1,827,587 .00 $9,575,002.23 $555,046. 
Grndwtr - Peaking - 9MGD ** $989,261.00 $1,202,163.00 $198,282. 
$2,816,848.00  $10,777,165.23 $753,328. 
5b Tenmile w/o Chess. - LOMGD* $1,641,679.00 $8,243 ,000.00 $607,000. 
Grndwtr - Peaking - 9MGD ** $1,046,851.00 $1,202,163.00 $255,872. 
$2,688, 530.00 $9,445,163.00 $862,872. 
* Additional 1 MGD supplied from new storage facility at plant 
** Includes debt service on Missouri River Treatment Plant ($477,066.00/yr) 
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The options outlined in Table 8 are a combination of two supply systems 
one operating as a primary and the others as secondary source. A 
primary source would operate continuously and supply all water demands 
up to its capacity. The secondary source would supply the demand in 
excess of the primary source's capacity only when needed. Typically, 
the secondary source would operate about four months of the year during 


the summer. 


An important factor that will affect plant operation is reported 
leakage in the Tenmile 24-inch line which may be as high as 1.5 MGD 
(pers. comm., Lyle Griffiths, May 1984). If this leakage were 
eliminated, the estimated peak day demand would fall from 20.1 to 18.6 
MGD. However, in the analyses, leakage was not considered. This adds 


a safety factor making any design conservative. 


The equivalent annual costs for the groundwater or Tenmile systems 
shown below and in Table 9 can be evaluated by comparison with the 
estimated 1984 City of Helena Water Department budget (including main- 
tenance, repair and capital improvements) of about $2,000,000. 
Additional capital improvements and operating expenses will add from 


about $1,600,000 to $1,800,000 to this budget. 


Option 1 - Missouri River Plant - Primary 
Groundwater System - Peaking 


In this option, the Missouri River Plant would operate as the primary 


plant supplying 1888 MG/year in 1987 and a peak flow of 9 MGD. A 
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groundwater system would be used to supplement needs of the city in the 


Summer months and would supply 334 MG/year at a peak flow of 11 MGD. 


No further construction would be required at the Missouri River Plant. 
Construction of an extensive East Valley well field, a 24-inch pipeline 
from the well field to Malben-Woolston reservoirs would be required for 
groundwater development. Pipeline length is estimated to be 2: miles 
from the well field to the distribution system boundary at Custer and 
Montana Avenues and 2% additional miles to the Malben-Woolston 


reservoirs. 


Capital Cost $7,922,315 Equivalent Annual Cost $3,057,736 


Option 2 - Missouri River Plant would operate as the primary plant 
supplying 1888 MG/year (1987) with a peak of 9 MGD. Surfce water from 
Tenmile would supplement the Missouri Plant supplying 334 MG/year and a 


peak flow of 11 MGD. 


Construction of a 11 MGD treatment plant on Ten Mile Creek, repairing 
of Chessman Reservoir and a booster station at Yaw Yaw would be re- 
quired. The existing settling and surge pond (6 MG) would be covered 
and used as a clearwell for finished water. The present 24-inch 
pipeline from the existing settling pond to Yaw Yaw would be abandoned. 


No additional construction would be required at the Missouri plant. 


Capital Cost $9,575,009 Equivalent Annual Cost $3,377,256 
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Optional 3a - Tenmile Plant - Primary 
Missouri River - Peaking 


In this scenario, the Tenmile system would provide 1889 MG/year with a 
peak of 11 MGD. The Missouri plant would operate only to supply the 
demand in excess of the Tenmile capacity. The Missouri River plant 


would provide 333 MG/year and 9 MGD peak. 


Construction requirements are the same as Option 2. Operational roles 


of plants would be reversed. 


Capital Cost $9,575,009 Equivalent Annual Cost $2,888,586 


Option 3b - Tenmile Plant - Primary 
Missouri River - Peaking 


This scenario would eliminate Chessman Reservoir from the Tenmile 
system. The plant would operate at 10 MGD in the summer months using 
only Scott Reservoir storage. During the remainder of the year it 
would operate as a run-of-the-stream plant and provide 1889 MG/year. 
The Missouri River Plant would provide supplementary 333 MG/year and 


peak flow of 9 MGD. 


Since the capacity of the Missouri River Plant is 9 MGD and the Tenmile 
system is 10 MGD, the combined peak capacity would be 19 MGD. The 
storage requirement to supply the excess capacity of 1.0 MG is about 
one million gallons which could easily be supplied by the proposed 6 MG 


clearwell (see Effects of Increased Storage). 
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In addition, flows above 19 MGD are projected to occur only about 5 to 
10 times between 1997 and 2007. Consequently, a system capacity of 19 
MGD would be adequate for all but a very few days in the next two 


decades. 


Construction requirements are the same as 3a except Chessman Reservoir 
would not be repaired. Plant size would be 10 MGD but the booster 
Station size would be 11 MGD. Additional capacity would allow pumping 


from the 6 MG storage of the clearwell. 


Capital Cost $8,243,000 Equivalent Annual Cost $2,734,105 


Option 4 - Groundwater System - Primary 
Missouri River Plant - Peaking 


This scenario uses a groundwater source in the East Valley as the 
primary water supply providing 1889 MG/year and a peak flow of 11 MGD. 
The Missouri River Plant supplements the groundwater supply with 333 


MG/year and 9 MGD. 


Primary groundwater system construction would be similar to Option 1. 


No Missouri River Plant construction would be needed. 


Capital Cost $7,922,315 Equivalent Annual Cost $2,881,474 
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Option 5 - Tenmile Plant - Primary 
Groundwater System - Peaking 


In this option, the Tenmile Plant would supply 1889 MG/year and 11 MGD 
peak flow. A groundwater system would supplement the Tenmile supply 
with 333 MG/year and 9 MGD peak flow. Wells would be drilled near the 
Missouri Plant, the efluent Missouri Plant transmission mains or along 
the raw water pipeline and would use the existing Missouri Plant 
distribution system. The Missouri Plant wet well and chlorination 
facilties would also be used. If sufficient groundwater is not avail- 
able to meet peak demands, the Missouri River Plant would also be uSed. 


Construction of a Tenmile system would be the same as Option 2. 


Capital Cost $11,023,662 Equivalent Annual Cost $2,831,311 


Option 5b. Tenmile Plant - Primary 
Groundwater System - Peaking 


This option is the same as 5a except that a 10 MGD Tenmile plant as in 


Option 3b would be constructed. 


Capital Cost $8,243,000 Equivalent Annual Cost $2,688,530 


DIRECT FILTRATION 

At its April 26, 1984 meeting, the Groundwater Committee directed 
Hydrometrics to investigate the feasibility of using a direct 
filtration plant on Tenmile as an alternate to the proposed conven- 
tional plant. The advantage of direct filtration is both reduced 
capital cost required for construction and lower operational costs. 


Disadvantages are that direct filtration cannot be used for all types 
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of water and that generally more skilled operation is required to 


maintain acceptable water quality. 


The proposed design of a Tenmile treatment system is a conventional 
layout with a rapid mix chamber, flocculation/sedimentation basins and 
dual media filters. Previous work (Morrison-Maierle-Montgomery, 1978) 
has indicated that conventional treatment may be the most feasible for 
year-round operation. However, the proposed plant is designed to 
operate by direct filtration during the fall and winter months and as a 
conventional plant during the spring and summer when turbidity is 


reportedly high and taste and odor is a problem. 


Review of existing data by Amirtharajah (1984) suggests that the direct 
filtration process may be feasible for use in place of conventional 
treatment year round (Appendix 5). Tenmile Creek water appears to be 
ideally suited for direct filtration except for high algae count. 


Turbidity does not appear to be a problem. 


High turbidities in Tenmile Creek and its tributaries are the result of 
snowmelt and intense rainfall runoff and can be as high as 300 to 400 
NTU (Appendix 6). However, turbidity can be largely controlled by 
selective use of headgates at the inlets to the Rimini supply pipeline 
(pers. comm, Lyle Griffiths, May 25, 1984). Turbidity is measured 
daily at headgates and the influent to the settling pond. In two years 
of record from May 1982 to the present average turbidities at the 


settling pond are about 2.7 NTU. The highest turbidity measured was 
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8.5 NTU on July 14, 1982, which occurred after a severe thunderstorm. 
This high turbidity lasted about one day. Turbidities less than 5 NTU 
are normally required for direct filtration operation (Appendix 5). 
Consequently, if turbidity can be controlled as it has in the past, 


direct filtration would not be hindered. 


Taste and odor are a major problem with Tenmile water and apparently 
result from the algae growth in Chessman Reservoir. The reservoir is 
shallow which encourages algae blooms in the summer months. Copper 
sulfate has been used with good success in the past to hinder algae 
growth. However, some copper residual has been noted in the water 
supply. A direct filtration plant would require Special design to 
accommodate the algae problem. Suggested solutions are reservoir 
management to reduce algae counts or to prevent algae intake to the raw 
water conduit and addition of a strong oxident such a potassium 
permanganate in the supply pipeline at Rimini to provide adequate 
contact time before water reaches the treatment plant. In addition, 
data indicate that the Tenmile Plant may be operated without Chessman 
Reservoir. Since Scott is drained every year, it does not presently 


have an algae buildup. 
Morrison-Maierle-Montgomery estimates the cost for a 10 MGD direct 


filtration plant to be $6,234,000. This estimate is a site-specific 


design which includes considerable rock excavation. 
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Other similar treatment plants or designs include recent designs for 
Bozeman and Missoula. Bozeman recently completed and is operating a 10 
MGD plant using surface water from two mountain reservoirs similar to 
Helena's system. Cost for plant construction was $2.25 million. 
However, some existing pre-sedimentation basins were used in the new 
plant design (pers. comm. Neil Mann, July 2, 1984). Some dead 
bacteriological cysts (giardia) were found in the media filter at plant 
Startup. Consequently, the plant is being operated as if cysts were 


present. No reported problems have occurred. 


The City of Missoula recently considered a 10 MGD diatomaceous earth 
and a direct filtration plant on Rattlesnake Creek as one of its water 
supply options. Construction cost of the plant was estimated to be 
$3.5 million (pers. comm. Jerry Lukasick, July 7, 1984). The direct 
filtration plant appeared feasible from an operating standpoint but 
surface water apparently has been abandoned in favor of a groundwater 


supply system. 


In order to evaluate the use of direct infiltration, further investi- 
gation would be required. This would include a pilot plant located at 
the treatment plant site. Cost for this type of study is $50,000 - 


$75,000. Potential savings range from $1,500,000 to $3,500,000. 


INCREASED STORAGE EFFECTS 
Finished water or treated water storage can be used to offset the 


differences between system demands and the capabilities of the source 
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of supply. Efficient use of storage can reduce the design size of a 


water supply system and thereby minimize capital requirements. 


Analysis of the Helena water production records show an average year- 
round water requirement exclusive of the Hale/Eureka System of 7.4 MGD 
ranging from 3.5 MGD average in December to 14.4 MGD in July. The 
average of the summer months of June, July, and August is 12.9 MGD 
Figure 12 shows the number of days per year for the year 1987 demand is 
estimated to be equal to a specified value. Figure 13 is a similar bar 
chart for the year 2007. Figure 6 depicts the daily fluctuations in 
demand projected for the design year for the period of May through 


August. 


Figure 14 shows projected water demands in the Upper Malben-Woolston 
system for the month of July for the design year 2007. The Upper 
Malben-Woolston system is shown exclusive of the remainder of the 
system because the capacity of the total of the demands in the Lower 
Malben-Woolston and Hale/Eureka zones can be satisfied, if need be, by 
the Missouri River Plant and the Hale/Eureka supplies. The average 
July 2007 demand in the Upper system is 12.1 MGD (Figure 14); the peak 
demand is 16.8 MGD. 


Analysis indicates that during periods of peak demand, small increases 
in storage can have an effect on system design size. Table 10 shows 
the volume of storage required to reduce the peak demands by various 


amounts from 1 to 4 MGD. This indicates that, theoretically, the 
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TABLE 10. VOLUME OF STORAGE NEEDED TO REDUCE PEAK 
DEMANDS IN THE UPPER MALBEN-WOOLSTON ZONE 


(Year 2007) 


Projected Volume 


Reduction of Storage 
Peak Demand in Demand Required 
Million Gal/Day Million Gal/Day Million Gal/Day 

16.8 0 0 

1538 1.0 bsQ 

14.8 220 2.0 

14.5 ana 295 

13.8 3.9 7.8 

12.8 4.0 18.7 


NOTE: Capacity of existing Missouri. River Plant and Hale/Eureka 
system will meet projected demands in the Lower Malben-Woolston 
zone and Hale/Eureka zone, respectively, for the 2007 demand. 
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capacity of the Tenmile or groundwater source could be reduced to 8 MGD 
if 2.5 million gallons of storage is available. This strategy would 
provide an effective means of increasing system capabilities in the 
future. It is not feasible at the present because the Missouri 


Treatment Plant alone cannot meet average summer demands. 


It is important to recognize the limitations of these projections. 
Specifically, these projections are based upon a limited data base 
consisting of five years of water production records. Secondly, no 
attempt has been made to correlate the water use data with temperature 
and precipitation data and, therefore, it is not certain that a 
projection given for a specific day will occur. Third, the data did 
not reflect daily fluctuations in reservoir levels which could tend to 


accentuate or negate total demands during any given day. 
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CONSERVATION 


In addition to other options, the Groundwater Study Committee requested 
that effects of various conservation or management programs be 
investigated. For this study, these options were divided into four 


areas: 


1) Conservation resulting from use of various rate structures 


including price elasticity; 


2) Conservation resulting from use of physical devices in 


residences; 
3) Removal of large users from the system; 


4) System management. 


PRICE ELASTICITY AND RATE STRUCTURES 

Price elasticity in water rates is a measure of the ability of water 
users to adjust to changes in price. An example of a completely 
elastic relationship would be when a 30 percent increase in price of 
water resulted in a 30 percent reduction in water use. Conversely, an 
inelastic relationship exists if no change in use is noted no matter 
what the price change is. Observations indicate use by households 
would be expected to be relatively inelastic at low water usages and 
somewhat more elastic at high levels of use, other parameters remaining 
equal. Research supports this observation. Work by Howe and 


Linaweaver (1967) suggests that winter time use rates by households 
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change relatively little in response to price changes. Summer use 
rates, though, are much more responsive to price Pee This Sup- 
ports the thinking that winter time in-house use is for relatively 
essential purposes: washing, bathing, toilet use and cooking and that 


Summer use is due to increased lawn and yard sprinkling. 


Research from 1960 to 1970 indicates that a change from flat rate for 
water used is metered water usage resulted in a permanent reduction in 
water use by customers (Hanke, 1970) and (Hanke & Balard, 1971). 
However, later data on the effects of increased metered rates suggest a 
strong announcment effect of price changes, causing customer over- 
reaction but that in the long run, customers may gradually adjust to 
higher prices (Agthe and Billings, 1980). Estimated long-term price 
elasticity of the Agthe and Billings models varied from -0.27 to -0.49 
which means that a 10 percent increase in price would decrease water 


use by about 2.7 to 4.9 percent. 


One researcher noted that although higher prices provide an incentive 
to be more efficient in summer time use (lawn sprinkling) by using less 
water per billing period, there is no special incentive to avoid days 
of extremely high application rates (Howe and Linaweaver, 1967). 
Typically, high water use in most areas, occurs when customers are free 
to engage in yard work. Peak use days in Helena are Thursday and 
Sunday (Charles Dickert, pers. comm., July 16, 1984). Since days of 


week and hours of the day that users are able to do yard work are 
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relatively fixed, most pricing methods fail to provide incentive to 


change this pattern. 


The present rate structure used by the City of Helena is the declining 
block rate. This structure used in many communities in the country is 
similar to elecric rates used by power companies. The price charged 
per water unit declines for larger customers. This is normally done 
because water service to large users of water entails proportionately 
lower costs of meter reading, billing and collection service than does 
service to small users (Whipple, 1981). However, many economists point 
out that this practice does not encourage conservation but rather 
encourages further use. An increasing block rate in which large users 
pay more per water unit as volume used increases has been suggested as 
a better conservation technique (Young, et al, 1983). This follows 
traditional economic theory that demand will fall as price increases. 
An increasing rate structure was introduced by Washington Suburban 
Sanitary Commission in the Maryland portion of Washington, D. C. 
metropolitan area in 1978. Actual use decreased in 1978 to 1979 and 
was attributed to the change in rates. Estimated reductions in water 
use ranged from 1.1 to 8.7 percent (Young, et al, 1983). However, some 
doubt was raised whether or not the reductions would remain in effect 


over the long term. 


Other recent research indicates that the quantity of water demanded 
does respond to changes in price. However, the response is relatively 


inelastic. Inelastic means the percentage decrease in the quantity of 
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water demanded is less than the percentage increase in price of water. 
Estimated elasticity is -0.3 which means that a 10 meer ent increase in 
price results in a 3 percent reduction in demand (Agthe and Billings, 
1980; Hanke, 1970; Hanke and Mehrez, 1979; Young, 1973; and U. S. Army 


Corps of Engineers, 1979). 


Although these studies of price structures vary in detail, the 
consensus nereye is is that varying price structures do have an effect 
on water consumption especially non-esential summertime use. Price 
increases may reduce Helena's total system demands; however, the 
reduction in peak demand from varying price structures cannot be 
accurately determined. Total billed water consumption for the City 
since the 1982 price increase of 80% would be expected to show a 
Significant reduction. However review of City records shows total 
consumption appears to have changed only slightly. This is because 
other factors including weather, increases in population, and removal 
or large users from the system have a significant effect on water use. 
Realistically, even if significant price increases reduce average 
demands up to 20 to 30 percent, additional facilities will still be 


required to meet peak uSe. 


PHYSICAL DEVICES 
The second conservation technique investigated is the use of devices 
installed in residences to reduce flow without inconveniencing the 


homeowner. Three devices considered most effective are: 
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1) Toilet dams, 
2) Water saving shower heads, 


3) Water saving faucets. 


A study of the cost-effectiveness of these devices using Helena as an 
example was done by Cartwright (1983). The results of the study 
indicate that a total savings of 12 percent of base flow or about 
575,000 GPD of water treated could be saved. However, little 
additional reduction in peak demand can be made with these types of 


conservation devices. 


The study estimated that the three water Saving devices could be 
installed by a contractor or city personnel for about $500,000. It was 
assumed that about 85 percent of the homes in Helena could be fitted 
with the devices if no charges were made to the homeowner and an 
informational program was initiated to inform homeowners the devices 
were to save money for them. A similar pilot program was conducted in 
Hamilton Township, New Jersey, in which an 88 percent acceptance was 


reported, 


If an acceptance level of 85 percent was achieved, savings would be 
about $130/year in operation and maintenance costs for a groundwater 
supply system and $90.00/year for a Tenmile system. This is not a very 
attractive return on a $500,000 investment. In addition, a peak 


reduction of one-half million gallons per day probably would not reduce 
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the design size unless it was done in conjunction with other conserva- 


tion measures. 


REMOVE LARGE USERS FROM SYSTEM 

Although not strictly a conservation measure, removal of large users 
from the system would in effect increase the capacity of the system to 
serve the users remaining on the system. The seven largest users on 
the Helena system that potentially could develop their own water supply 


system are: 


1) St. Peters Hospital 5) Highway Department Complex 
2) Fort Harrison VA Center 6) Highway Department Watering 
3) Capitol Complex J) vetity Parks 


4) Carroll College 


Total average monthly summertime usage by these users is about 0.44 
MGD. All of the users except the Capitol complex and the City of 
Helena have either drilled wells in the past and have not found 
sufficient water or have drilled wells and are presently supplementing 
their irrigation needs with groundwater. The largest non-city user is 
the V.A. Hospital. Until recently, it used city water entirely. How- 
ever, two wells producing approximately 250 gpm each have been drilled 
and developed. The wells are expected to replace city water for irri- 


gation uses in fall 1984 (pers. comm. Robert Dunn, June 21, 1984). 
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The largest city use of water is for lawns and parks, It would not be 
economical or even possible to drill a well at each park Site solely to 
provide irrigation water. Similarly, it is questionable whether 
groundwater of sufficient quantity or quality is available for the 


capitol area. 


Given the constraints mentioned above, the most water that could be 
saved would allowing or requiring those large users that partialy use 
groundwater to rely on groundwater as their primary source. Total 
average savings is estimated to be about 0.20 MGD. Since the total 
peak average demand is 20.1 the amount saved by removing large users 
would not significantly reduce the flow required by the system. Thus, 
removing large users from the system does not appear to be a 


particularly effective means of reducing water demands. 


EFFECTIVE MANAGEMENT 

While rate structures, physical devices and removal of large users will 
have a conserving effect on the total water consumption in the Helena 
service area, none of the options will significantly affect the most 
critical part of the demand curve, the peak use on a hot summer day. 
Figure 12 and 13 show the estimated number of days in 1987 and 2007 in 
which peak demands occur. As can be seen, a 20 MGD peak in the Upper 
Malben-Woolston zone will occur only once in the year 2007. Thus, it 
is estimated that peak flows above 19 MGD occur only 5 to 10 times 
between 1997 and 2007. Rate structures and metering devices which 


encourage off peak use for summer irrigation are conceivable. However, 


84 





ne ate 


L® 7 ; 5 r ; : ; 
t - _ 7 : 7 ae , i pec 
a J Al ' ¥. > : 
wa ae. 9 ' a : i o : ’ : Te 
< e i al , : - : 
= 2 FG. : a re i‘ 
; hy et er wn 
e - _ - i- 
5 a 
; ‘ a ’ 
‘o : : 7 . 7 o) 
ay a i 
Pai - r e re ; 7 
‘ : -: eee h aaa! ( —* 
' eae _ j £ 
7 
j bo 
re 
t 7 
= 





od -blwog. {tan ssasabehanserstviesvae ne newea oa 
sep ina bintadgit “sexi! wand ontnivedn so entwotts. S(uow-bevee a“ 
(stot .sotpee yreming: visit 26-r8¢¢mdmu0ND. 10 om Ot ~BeeMbAYOND Re 
(s20d 809 900'2 .00N 08.0 dueas-oa Stbetsattes et epuiveziapmioye | 
es9eusptet pni vomet ud baver tnuons. oat {08 at bismeb sosrove Hoag aa 
2a amadaye afd yd hOvupaD wort a? soubor ‘Utne! tnpte fon bivew ia 
Csstvohoanage fan 'e90b: seter: sith ment anseu sere Gniitonws Ng 

(1 eehiiamay Te teK pnt oehar 1, enbem avitosite yiuefuattiag 


4 es eaeCoRN antag TE) 
‘Sipisialiee ase te fevomen meee tiaieiaonabias ster site 8 , 

ene fst EP EES HOE TENE ARI Sie et re aa * | 
Jom a8} Jette yf Insoit tngte TEtw emotgeo ot to fon qsoneaatviae he : 


‘teh nommye f0f 8.00 926 Bee ait «arma TonamD OH? Yo im _— : 
nt NOOS ns ‘Ses sh ae RN a 


waa coi: owt, 


ath 














at this time, water meters which record use on a daily time basis are 
not readily available. Until a device of this sort is available, the 
most effective measures in reducing peak demands are management 
related, especially watering restrictions. Management and enforcement 
of a watering restriction program is the most effective albeit 
unpopular method of reducing peak use. Since peak use is the tradi- 
tional accepted manner in sizing water systems, a close look at a water 
management program could reduce the size and capital cost required for 


meeting Helena's future water needs. 


Current measures being implemented by the City include replacement of 
flat rates with meters, leak detection and small main replacement, and 
old meter replacement. Currently the City replaces about 800 meters 
annually and has an active program of replacing 4 inch with 12 inch 


mains to reduce leaks and improve fire flow capabilities. 
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APPENDIX 1 
TEST HOLE LOGS FOR TENMILE CREEK 


AND WEST HELENA VALLEY 
GROUNDWATER INVESTIGATION 


88 






7 
7 r 
o 


















> a heer aes . 
ket Say o.oo 
NE om), re i ar oe 
ae eo "1 a ae ie 
: 1 / 1 , = ial is 
; La a ee Cae ee | a 
., = = 1 - , Pa a - 7 . . 4 7 ® , i — = 
Pa NPR eis oy) 7 ai huis fe a ee via A Cee " ; =e 
~ a 7 ya: + pe ty ius » 4 
rr ee A Lt ee a CM ae 
| ’ oa tt ere J , “. + mA 
: a 1a ies ell f f iN v 
Le | ry ~~ unstl ys : +, 
ae J i‘? 










‘ : i, 
, a) 4 rah Mian bn " 
: r q ni <4) 1 oe a i Hs a , iV, i a — we, > ‘ 
5 a : a os ¥ 4 . a ws ? ar a . $¥4 oy hier . oid ‘tag frome edo - 
. 7 : ~~ e4 A ov iy % ~ aa | n le A 7 5 are 
4g te Ty 2 Lar a Mita ay Sas ey ee 2 “he Se 


: ; a 
‘ a : Pe , ® Ste -7 ae a i ye. 
, ir . > ; an a "geme~ f Ve etl ae 
, F Wh Po - 3 Py ‘ 4 dt aaa a : 


2 ra , . y 
9 : ad od | ayy “« ne 544 3 








TEST HOLE LOG 


HY DROMETRICS_ “< Helena, Mt. 
Hole Name 


Scatex _Onwnales county: __Lewis & Clark project: City of Helena o- number:_GM-1 
North end of golf course; 100 feet east 


Legal Descriptive . 
Location: TION p.4W sec 14 Tract.___AD_Location: of Ten Mile Creek 
Drilling 


Date Hole Date Hole 5 : 
Recorded by: DR/DCP Started: 2-17-84 Completed: 2-20-84 Driller: Terry Company: Lj ndsay 





Drill Drilling Pilot Hole . Reamed Hole 
Method:__ROtar Fluids Used: Water/Foam pjameter, © 19CM» Ss _iameteer: 


Total Depth Total Depth Total Depth Diameter and , 
Drilled: !80 ft __peamed: Cased Below g.s.:__120 tt Type of casing: 0! bike steel 


: Packer Type and 
Alluvium pepth selow G.s..NOne 


Weight or Interval Perforated Target 
Gage of Casingx29 Wall or Screened Below c.s.:None Aquifer: 


YES NO Method Perforated or Screened: 
on No casing in hole. 





Well ,Developed? 


Well Test Pumped? una.) See oon mie Open bottom only. 

Water Samples Taken? Sin Ke Sn ICD aby! eae _ Slotted with Mill's Knife. 
Material Samples Taken? cam _____ Slotted with a torch. 

E - Logs? X Screened by pulling casing. 
Static —— _ Saw cut 

Water Level ve ea pata: 2/21/84 _ Other (specify) 


MP Height Above {3} 2.0 


Measuring Point : 
Description/Elevation: Top of steel casing. or Below G.S.: 

Well Annul ‘ : 

Completion Description: Driven steel casing to 120 feet. 


Remarks: 














DRILLING LOG Geological, Drilling, and Water Conditions and Sampling 


Sand & gravel; mostly sand; coarse grained; little clay; moist; 


| Tithology primarily dark argillite (?); also igneous lithologies; 


T 


oO 


lp) 





T 
120 


Clayey gravel; mostly granitic; 

tan to yellow brown tight. Cased to 120 feet; 2-17-84. 

156 180 | Bedrock, tan to buff quartzite, yellow brown soft zones; makes 
approximately 10 gpm in bedrock; hole caved a little. 


m3 [@>) = 
IND 
~ RO wlo] § 
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TEST HOLE LOG 























HY DROMETRICS_ “<& Helena, Mt. 
, . Hole Name 
State: Montana County: Lewis & Clark Project: City of Helena or Number:_QM-2 
Legal : Descriptive ; 
rite: TUM @AW fee 14 react OG Location:...DO feet west of Ten MileCreek, 300' from RR 
ee tracks 
Date Hole Date Hole pee OFT TT ingee 
Recorded by:DCP/DR__started:__2/20 84 Completed: 2/21/84 Driller: LEYYy Company: Lindsay 
Drill Drilling Pilot Hole : Reamed Hole 
Method:__Rotar Fluids Used:_FOaM ____diameter:____6 inch _Diameter: 
Total Depth Total Depth Total Depth Diameter and 
tien ees Tt Reameds. 1 Cased Below Gein CLUCTE Tyoe of Casing: 6" steel 
Weight or Interval Perforated Target : Packer Type and 
Gage of Casing:_-29 Wall or Screened Below ¢.s.: None Aqui fer:__Al luvium_ Depth Below G.s,:0._ Steel _ 
VES NO Method Perforated or Screened: 
Well ,Developed? ped Chat ne 2 aes No casing in hole. 
Well Test Pumped? = Re ee. _X__ Open bottom only. 
Water Samples Taken? dome Be hes eh ea Slotted with Mill's Knife. 
Material Samples Taken? SS Tee see —_._ Slotted with a torch. 
E - Logs? Bias) Sas Screened by pulling casing. 
Static saw cut 
ete i773) ater. / 14/84 —____ Other (specify) 


MP Height Above = 


Measuring Point : a, 
Daecripcion/flevetion:.__.1OD Of Steel casing, Ge felon G Ste ee 
Well Annulus ‘ 3 

eee ten enc iee | casino LO Ie Teel 


























Remarks: 
DRILLING LOG Geological, Drilling, and Water Conditions and Sampling 
Gravel; ing little water; argillites 
rrr otr volcanics. Some clad 
40 
_———— ar CO 
mamPhleere Tie tteet very Viitie clay matrix. 
115 Gravels: fragments of both weathered igneous and sedimentary litholog 
| —ststsé«T: Variable colors. Rose colored clay. 
135 245 |Granitic bedrock, weathered, redish tan cla one Primarily feld ~ J 
Spar, guar chlorite and amphibole Making approximate 0 gom 
at 135 feet. Colors variable - light greens, rose, Drow weathered 
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TEST HOLE LOG 


HY DROMETRICS_“~<— Helena, Mt, 











; rk Hole Name Wl 
Pg eee pps UCL OTe peice netena Gi os Number: TW-1 
Legal Descriptive + ; : 
Location: + 1ON_ lL Saree Tract.- LGR pe About 500 ft. south of holding reservoir 
Date Hole Date Hole Drilling . 
Recorded by: DR Date 12/5/83 completed: 2/9/83 oritter: TEr"Y company: Lindsay 
Drill Drilling Pilot Hole ~Reamed Hole Q_ 
Method: _ROtary _ Fiuids Used: Water piameter: 6 in. Diameter: 8-5/8 in. 
Total Depth Total Depth Total Depth Diameter and — 
SNS ARONN 16 2 RI ph ele 8 Sa Pe Below pee type of Casing: 6-in. steel 
Weight or Interval Perforated Target . Packer Type and 
Gage of Casing:_0-290 _or Screened Below ¢.s.: None pquifer:_Alluvium _ Depth Below Gacy HONG: 
YES NO Method Perforated or Screened: 
Well ;Developed? x No casing in hole. 
Well Test Pumped? ates Be ie bok Sais Open bottom only. 
Water Samples Taken? et ~ alls ______- Slotted with Mill's Knife. 
Material Samples ,Taken? ee s--deienstianeiale ee SYottedwitiiia Mtorch. 
E - Logs? x un Screened by pulling casing. 
Static SaNGUe 
Water Level oS I 9 is 0 ether specify) 


Measuring Point ; MP Height Above (2) 
Description/Elevation: Casing top on ue ee 2.45 feet 


Well Annulus 
Completion Description: 


Total depth measured with probe on 1-20-84 = 61 feet. 








Remarks: 










drock; : 
ostly quartz and mica biotite; could not drive casing into bedrock; 
lew hole for 5 minutes and makin ess than _1_apm. 


2 

















SS 
= 
= 


= 











91 





ata veneat 
at Gg ng Sees 


‘ ‘ 7 bre vereatt oe Adqos facet. 
toute ot 4 ae Yo 947, Brkt 2 woisk et 
p ‘ ‘ 78 


sno DAS Sat sedans 


mee 






























NS ce sa, 


PT’ faouaT ; vaseret49 levies 
’ Pays if +9g ' ‘ 4 
none 2 MSS AGO LEE tuo. 2001) peer ot Wong darian 2 oO. 0 § 


shangstad Ww betgrotyet an} aM 4 aay. 
-Slod al pataes of cs ; : 
«XING MOstog neg) 2 . ah 
shied 3° FTTH ddiw wsssof2 roel ae * 
MO? ¢ Ajiw bergof2 —.  --~32 


pee “ 7 = ° - 
vhaea patitug yf teneors2 : 


‘ 4, 
ee " 


ve Te “a+ afi 
ree eetiaaairrotar| in seam nine iemetee smmae wad BA! 























e wes oe, 
a a ere : : nobis vi 
° A tence ceo WOi i 3 Pinan ements — Sn) eee eat pinta = Pani mm : 
r iy P \ sth 
ee meregs ilicnenses mei a —— see PO a eee hstnasiprequmsiiiilin ms ’ “norigh t52 ie il 
A : i 
; ; . f 7 Ar f r fs ; 
a . Ps o 
; a la Parl ye J th G 1 ' j Ve ye fi (4 " 
SO eet co-engen te epee a + A i llega tat eat ~hn a — ee 
; + os 
CORE CBN SS TEE SRE GE! AS et Se pert Se oe 5 ered eee 


artignée ars anofiioned sada ons een 





Siwy aree co 
tue “1 4207 
La SEED TES OF STOn TOT TO a eae om 
re -F > sy © Tee 0) 0 ee als? Wah tt BS? | i 
“aa 4 rt y i 4 
rr rng ae eiethie~ omls -aene tae ee ee ee * * £0 Gem een © heatenide “oe em * 2 ~—e 
345%) a ee ee Pree ne ee ee 
Mahia? Fe sim) 35 . -BNODN ESE bt PE: 0 TB: 
. tiie danny 
i 





ae Sh ee daa - ~t al dn — 
. t yy ay y Vid, fis ¥ " 
i i 4 ° , 100) 
| odin, ¥r — me ad > 1% mew _ owl. are 
e i + « > 
’ + ¢ ISPS BID 35 eo » Vea PILI 
pe > Ba = 
ttt 6 { Sey Cy lated 
oo le ‘a a 
Pea . ry ‘= 
+ ,Rae F Ys { ‘ da nite tos” ST =F Ae ta oy Br 
Ce ce tes no tl Pe GO hl oe et dee oe sae rt ite tog Se a Fn Sere tratee 
Nniysan shaw GF Son rst us fea! ? 
Ft ene ee ce ae 


it peat y eto lilly ee ee 


ot ok ee a 
» LUE 26) aVvisbh: Tew Bis oats 59th bee oe 
side i OGG gh ones na a SLE g Po aa = SA 2A A oe ai 


SVEN Saw SS ee Ne F< Fe | hide. all bs 5..243 untae 3 Bwiel y Pi. 


ee ee 


_ Mt tl heart 
Basaran: haa eect etl trite cee er 
, 
at ar i eit ae ee 





’ 
a Ph etait —— Ae lees 


7s 


q : sees oo i 
7 ; a $$$ ee dee 





TEST HOLE LOG 

















HY DROMETRICS “X= Wray 
state:___ Montana Sere Lewis & Clark ta Helena GW Hed entiane: TW-2 
egal et aQN po BW coc 2 grace 9 BB *pescritiveAbout 1500...ft...south from holding reservoir 
Recorded by: DR poco 19/1279583 ® 12-9-83 peecferes 12239780 sDrliler: cere prea Lindsay 


Drill Drilling Pilot Hole Reamed Hol 
Method:__ Rotary Fluids Used: Water eee GW AE ee 3 8-9/8 }u- 


Total Depth 89 ft. Total Depth o0 ft. Total Depth 54 ft. Diameter and 6-in. steel 





Drilled: Reamed: Cased. Below.G.S,:_— Type of Casing: ee 
Weight or Interval Perforated Target . Packer Type and 
Gage of Casing: 0.250 or Screened Below G.S.: None Aquifer: 41 uv ium Depth de tos Ae None 
YES N Method Perforated or Screened: 
No casing in hole. 





Well ;Developed? PSD pig me Ae 
Well Test Pumped? AD toate ine.) ee 
Water Samples Taken? X 


Open bottom only. 
Slotted with Mill's Knife. 





Material Samples Taken? x thant hS eee Slotted with a torch. 

E - Logs? x Screened by pulling casing. 
Static Saw cut 

Water Level 40s ht ate: pe ar 84 —___ Other (specify) 


Measuring Point : MP Hei ‘Ag 
Description/Elevation: Casing to or Sih dares) 42 AG feet) 


Well Annulus 
Completion Description: 


Total depth measured with probe on 1-20-84 = 50 feet. 








Remarks: 









ey . 


To DRILLING LOG Geological, Drilling, and Water Conditions and Sampling 


U Sand: silty, gravelly; igneous lithology; mostly dark; boulders up to 
3 foot diameter; black-brown color; dirty, dry; moist at 40 ft. makin 
1 to 3 gpm 45-50 ft.; mostly coarse to very coarse. 

Bedrock: quartz diorite; decomposed, weathered. Soft; reddisn-orange- 
brown staining; drills fairly easy first 20 feet. Drilling becomes 


harder at about 70 feet with less red color. Open hole from 54 to 88 
Could not drive casing into bedrock. 


feet making less than 3 gpm. 
(cS ye cite Suse DA en a ROS SSR 
re 
ic. iB MSD DL “Snag DeSean aE 
.D. = 89 ft. 


+ 
Alluvium = 0-50 ft. 
Bedrock = 50-89 ft. 


wo 






on 
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TEST HOLESLOG 


HY DROMETRICS_ “X= Helena, Mt 
, . 
. Hole Name = 
Meuse cena ee ee laT hs proieere een GMO ee Number: TW-3 


Legal 
Location: eee ee 2 Tract 


DR Date Hole 12/12/83 Date Hole 1h Alba; Ae A Ae el Terry Drilling Lindsay 





BC pe ees Along fence/raceway south end of upper cross- 
; 
a ee eee ae See ke FONT 











‘Recorded by: Started: Completed: Company: 
Drill Drilling Pilot Hole i Reamed Ho} : 
Method: Rotar Fluids tsed:__ Aber oiameter: bin. aietcee @ Ostia 
Total Depth Total Depth Total Depth Diameter and . 
prilled:_____09_ft+ _Reamed: 20 ft. Cased Below ipa aelart of Casing: 6 in- steel 
Weight or . Interval Perforated ) Target . Packer T 
Gage of Casing:_0-250 iMer Screened Below G.S.: None Rey Pema ay UOTE bettie gelon ee None 
YES NO Method Perforated or Screened: 

Well ;Developed? Stet na 5 Awe No casing in hole. 

x Open bottom only. 


Well Test Pumped? 








Se ots hace cae 
Water Samples Taken? oeaceeseweteaoso Une ey ______ Slotted with Mill's Knife. 
Material Samples Taken? Pee Agee i oe ee ____._ Slotted with a torch. 
E - Logs? ee es ee PE ATES" _______ Screened by pulling casing. 
ah 14 pare 1-20-83 eee a ae 
Measuring Point Casing top Buse Above (>) opset 


Description/Elevation: 


Well Annulus 
Completion Description: 


abe,” Open hole 61-89, hole blows 1 gpm. Le ya depth measured with probe on 1-20-84 


From To DRILLING LOG Geological, Drilling, and Water Conditions and Sampling 
7 Sand and gravel; silty; coarse to very coarse; mostly igneous rocks- 
aranite & quartzite; brown-black; scattered sma boulders; : 












ie ECBO ates 














Bedrock = 57-89 ft. 
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APPENDIX 2 


PROJECTED WATER SERVICE POPULATION 
FOR THE CITY OF HELENA 
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WATER REQUIREMENTS 


INTRODUCTION 

Through the years, there have been numerous attempts to qualify and 
quantify what is expected to occur in Helena and the areas surrounding 
Helena in the coming years. There have been economic plans, 
comprehensive plans, housing plans, wastewater facility plans, water 
plans and transportation studies in which the common denominator is 
what the service area and population will be. From a purely 
mathematical standpoint, given peoples' preferences for various types 
of housing, it is a simple matter to project the population any given 
property will support. However, it is the responsibility of planners 
and politicians to define what properties will be considered for 
inclusion in a particular plan and to define what types of development 
will be permitted on those properties. The consequences of these 
decisions by planners, and more particularly politicians, can be, and 
often are, dramatic. The objective of the following discussion is to 
correlate and put into perspective the Water System Improvement and 
Master Plan for the City of Helena (April 1978) with the Helena 
Comprehensive Plan (1981) and the Lewis and Clark County Comprehensive 
Plan (1983) and arrive at a reasonable estimate of service area and 
service population for the Helena water system. It is strongly 
recommended this report be appended to all three of the above 
Paterenced plans so a false impression of the situation not appear in 


the future. 
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Service Area and Population: 
Table XI reproduced below from the Helena Comprehensive Plan (City 
Plan) shows the projected populations for Lewis and Clark County, the 


City, and Helena and the Surrounding Area. 


TABLE XI - COMPREHENSIVE PLAN PROJECTIONS 


1980 1990 2000 

County 43,050 49,500 57,000 

City 23,938 26,550 28,759 
Helena & 

Surrounding Area 30,500 34,450 38,500 

Surrounding Area 6,550 7,900 9,700 


Table XI shows the Helena water system serving a population of 38,500 
in the year 2000. This figure, 38,500, was the basis for testimony by 
Mr. Richard Nisbet, Director of Public Works for the City of Helena, 
before the Montana Public Service Commission in 1982(1) whereby the 
City of Helena amended its water tariff filing to show a maximum daily 
system demand of 28 milion gallons per day (mgd). This maximum daily 
demand represents a significant departure from the Water System 


Improvement Program and Master Plan for the City of Helena. 





(1) Department of Public Service Regulation before the Public Service 
Commission docket No. 82.1.3 Order No 4927, page 1l. 


96 

















odd pay sa i auiae 0% af 


a 
ee oh ae : a ( x 


>MOTTS3LOR Whe SV] 2HSHBBIMOD ~ IK -SISAT 





sods | ober <t oper aly a. 
ee? SE Mays a 7 
+ - 5 f er c ve. \ 
000, te GOEOR sia el 
Gat. 8s 022,a$ Bre, es 
oe 
5 1008 88 + ‘OBB RE oe MOOR IOE! Oks ae enthiny 
MTGE eee OBR ee 0 Bae s9nA-ptbnivon 
i Bt J 
omen Yo noitsTugog 6 patyage madexe 9S 8W, ‘enaist ona erated « 
at Shae ih fy ‘ 
ve ‘yrtom tte st WOT efasd sit 26w. 008; BE suet eka ‘SY 8 
ath) ae See } : < oe | hee 
4097 OK To “it gi? 193 eahroWsa tT dus jo qodse10 jedae at fF 
i y fol ill f > ee “vt f 
one yderortw (Hepes at NO Fe mmo oak ine? si Tavs sired no 


7 if ary tas ; 
“liad mas mtxsm 6 wore 93 enthry: ttiast. vote 2af pea 
w via 
“lish mumtxem ett (vem) ) Neb: 194 enol isp rollin es ph: ah 
ws : ‘. wri * \ . ieee ie 
matey2 10080. odd die oywdregeb snaattinghe etnse 


snals 0 wt ait 708 ete ro nV 


fT ee 
ae % 


ag" ‘te ; 
by. atyy 
1b * i 


‘od 





At the time the Water Master Plan was prepared, the Helena Area, except 
possibly the City of Helena, was experiencing a period of unprecidented 
development. Concerns were raised during the Water Master Planning 
effort about the potential impacts of this developent on the 
groundwater quality in the Helena Valley and the likelihood that City 
water and sewer services would have to be extended to this area during 
the planning period. Therefore, the Helena City Commission working 
with the Areawide Planning Organization and their consultants made the 
decision to focus the Water Master Plan on an expanded planning area. 
This expanded planning area encompassed a geographical area 
substantially beyond the City limits. However, it was, and probably 
Still is, a reasonable estimate of the area that eventually will 
require centralized service whether it be from the City of Helena or 


some other utility. 


The population of the Helena Valley, according to the 1980 census 
figures reported in the Lewis and Clark County Comprehensive Plan 
(Table 2, page 21) was 13,287. The Helena Valley is defined in the 
County Plan as encompassing Enumeration Districts 981, 986 and 991 
through 999A. These districts extend as far north to the Missouri 
River, east to Canyon Ferry, South to Jefferson County, and west to 
Birdseye and the Blue Cloud Ranch. Table 2 and Figure 7 of the County 


Plan are reproduced here by permission for reference. 


Referring to Table XI of the City Plan, the population of the area 


surrounding Helena was 6,550 in 1980 and is projected to be 9,700 in 
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the year 2000. To correlate the City Plan with the County Plan, 
Surrounding is assumed to mean contiguous to the City. Applying this 
rationale to the figures contained in Table 2 of the County Plan, and 
subtracting the populations attributed to Enumeration Districts 981, 
986, 991 and 993, the population in Enumeration Districts contiguous to 
the City was 9,829 in 1980. Enumeration District 992, while 
contiguous to the City, does not have any substantial development 
contiguous to the City except for the limited development at the inter- 
section of Canyon Ferry Road with York road. Similarly, there is no 
Significant development in Enumeration District 999A contiguous to the 
City limits at the present time except for limited development along 
Highway 12 east near the Burlington Northern Railroad overpass. Sub- 
tracting the populations attributed to Enumeration Districts 992 and 
999A leaves a population in the surrounding area of 5,639, a reasonable 
approximation of the 6,550 reported in Table XI of the City Plan. 
Table XI also projects a population of 9,700 for the surrounding area 
with a City population of 28,759 for a total Helena and surrounding 
population of 38,500 in the year 2000. The 38,500 figure, as pre- 
viously noted, was the basis for reducing the projected maximum daily 
requirements of the City of Helena water system. However, for reasons 
discussed below, the 38,500 figure may also overstate the population to 


be served by the Helena system in the year 2000. 


Refering to Figure 7 of the County Plan, the City made a decision not 


to pursue service to Enumeration Districts (ED) 994A and 992 to the 


99 


i Ae a m, 
es j 7 ny 
x, ae : 
at ined 98-tnt 
















bn net utnued sit Yo $ oteer, 
188 efotrt2td nolseramun3 0 
o3 avouptino> etotrsetd tateasibad ab tidal odd poco ma 
olidw ,S@@ Jotutet® mottersmund O80 nf eSB cow YNTD ond 
tnomgolsveb fstingtedue uns syed ton eeob .Qtho- ont at 2uouet noo a 
-139tnt oft 26 tnemqofeveb Batimel afd tot dqsaxs yiid-ed¥et-evouphinws ©. 4 
ovat sued? .yfasiimt2 .bsov do’ dtiw bHod yrye? nouNed tonoffaee : > J 
ott oF ,2uouptinos Agee satel pebiebenieel ni Insnyofeved tnsotttapte 
enole tnomqolsvab basimtl wot tqsoxe smit tns2stg ond: 28 ettmtt yt 
“dug .227aqrave bsorl tsa mrsidrgy nosgnt Tue ‘ont wee tease. Si ‘swith a. 
bas S@:2totytetd nottstomund os tetudtwtss znotsstuqeq ont pot ond 
Sfdsno2se7 5 .2€2,2 Yo sexs pntbauorwe’ odd At not saluqog 8 2ewset wn; 
net ¥dt3 sd Yo IX efdsT nhibedroqer 082,a od 70 beaks 
sets -pntbavotwe sit rot OOT.€ to. not tsfuqog 6 2toaborg: ovis 1m ofdet 
enthrorwe bas snot atl fatot.s x. CRN BS.20: not Sst uqog ystds dite 
“B1q 26: ewert 002,86 oAT 000: bray b tial Yo not sefuaag 
Uitsh mumtxem bedostorg edt ‘on aubsy_w09 Y atesd | | 
enoztet 0%, 79vEWOH mgd 2y2. nota | 


0d notteluqog ond sistetsve ‘o2te yom onwgt? 0 


0008 soy sid nt tte anata bo em 

me ay fein 

Jon notetosh 6 sbsm y3td ett inst 20000 beds 
and of SO bne ABER (03) mapa 2 | 
varias a ae salle cua 


ee 


a ae ee 






a 


Ay 
i 


immediate north and central of the Helena City limits in 1982. This is 


evidenced by: 


1) The decision to design a 20-inch diameter transmission main from 
the Missouri River Treatment Plant to the City via a 24-inch 


diameter main; 


2) The decision not to construct an influent pump station to the 
Missouri River Treatment Plant that would have permited the plant 


to produce 12 million gallons per day, and 


3) The decision to design the clearwell on the basis of the chlorine 
contact time afforded by the time the water was in transient in 
the pipe line. (Affects only ED 992. The City sought and 
received a variance from the Montana Department of Health and 
Environmental Science to allow computation of the chlorine 
contact time based upon the detention time in the clearwell and 
the transmission main flowing at 12 million gallons per day. 
This variance does not permit any service lines or distribution 
system lines off the transmission main between the Missouri River 


Treatment Plant and Washington Street). 


The decision not to serve these districts was predicated on several 


considerations: 
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There had been no request for service in these areas and no 


requests for annexation. 


Statutory limits precluded the City from annexing these areas 
without being petitioned. (These districts are inclusive to 


existing rural fire districts. ) 


There were probably less costly alternatives to supplying water 


to this area (scattered high capacity wells). 


The rate payers, the City Commissioners; the Public Service 
Commission; and the Montana consumer council could not justify 
the large capital outlay and resulting high service charges 
necessary to provide service without a guarantee these areas 
would be served in soon and thereby contribute to the payback of 


the facilities. 


This is not to say these areas could not be served in the future, they 


could be, subject to the conditions they bear the cost of installing 


additional equipment at the Missouri River treatment plant: 


1) 


2) 


3) 


An influent pump station; 
Additional high service pumps; 
Clearwell expansion to provide the necessary chlorine contact 


time (Affects only ED 992). 
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4) A parallel transmission main to the present 20-inch diameter 


transmission main. 


The probability of a significant block of people desiring service and 
willing to accept these conditions is believed to be remote. Therefore, 
the population projections of ED's 994A and 982 should not be included 
in the year 2000 estimate. Likewise, ED 995A should not be included in 
the population projects because the majority of ED 995a contiguous to 
the City limits on the northeast is located in the flood plain of Ten 
Mile Creek and/or is subject to high groundwater. Lewis and Clark 
County has established building restrictions for this area. The 
restrictions, if development is permitted at all, will require 
centralized sewer system. The cost to provide both centralized water 
and sewer to this area is not believed to be an economical alternative 
to developing other sites around Helena. Green Meadow Country Club also 
occupies a substantial portion of this district contiguous to the City 


which is not expected to be subdivided for living. 


Enumeration Districts 996, 0997 and 998A for the most part receive 
service now. City records obtained from Richard Nisbet, Director of 
Public Works for the City of Helena, show 421 water accounts in these 
areas. Current City policy is not to provide service unless the party 
requesting service agrees to annexation. This and the the steep terrain 
existing over much of the area that could be developed contiguous to the 


city limits future impact of these districts on the Helena Water System. 
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TABLE 2. LEWIS AND CLARK COUNTY COMPREHENSIVE PLAN 1983 
1980 HELENA VALLEY POPULATION+ 
BY CENSUS ENUMERATION DISTRICTS 


Average 

District Population Household Household Size 
ED 0981 750* 294 Supe 

ED 0986 240* 97 She. 

ED 0991 796 248 gee 

ED 0992 1,513 487 oh 

ED 0993 1,672 528 hey 

ED 0994A 3,024 1,013 3.0 

ED 0995A 1,674 607 Zeal 

ED 0996 77 25 ark 

ED 0997 214** 75 2.8 

ED 0998A 650** 228 2.8 

ED 0999A 2,677 915 2.9 
Tels. (tt, pyz7e «3,024 is 17a a ae es Boa 


Lewis and Clark County 2.6 
City of Helena 2.4 
City of East Helena 2.0 


Marked figures represent percentage of Enumeration District total that 
is within the Helena Valley: 


bi hy! 
xe) 502 


+ Excluding cities of Helena and East Helena 


Source: 1980 Census, Research and Information Systems division, former 
Montana Department of Community Affairs (now Department of 
Commerce), Areawide Planning Organization. 
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Based upon these observations, the only area that could materially 
affect Helena's water supply system is Enumeration District 999A. The 
development potential in ED 999A adjacent to the City, based upon 
present land use characteristics is 2,144 capita (i.e. Bull Run, PUD No. 
2, etc. - see Table 6.1 of the Water Master Plan). The present service 
population for the Helena Water System through the year 2000 are 


Summarized below. 


PRESENT AND PROJECTED WATER SERVICE POPULATIONS 


Helena Valley City of Helena 
1980 


Surrounding 1980 2000 
Enumeration District Area Service Service 
District Population Population Population Population 
981 750 0 0 0 
986 240 0 0 0 
991 796 0 0 0 
992* esis (1) 0 0 
993 1,672 0 0 0 
994A* 3,024 3,024 0 ? 
995A* 1,674 1,674 0 ? 
996 Hy 77 Ti ieee 
997 214 214 214 214+? 
998A* 650 650 650 650+? 
999A* 2,677 (1) 0 ? 
Total 13,287 6,550 941 — 941+? 
City(City Plan) 23,938 23,938 23,938 28,759 
Total S/,cL) 30,500 24,879 29,700+? 


(Max, 38,500) 


*Districts Surrounding Helena 


(1) Estimated from the City Plan. 992 and 999A, together, equal 
population of 911. 
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Table VII of the City Plan, a portion of which is reproduced here shows 
the census population of the City of Helena from 1920 through 1980. 
However, the city limits of the City of Helena in 1920 was different 
from what it was in 1930, 1940, etc., and 1980 will probably be 
different than 1990, 2000, 2010. Therefore, there is strong reason to 
believe the 2,144 projected residents surrounding the City of Helena on 
the southeast are included in the 4,821 projected growth for the City of 
Helena. This suggests that the projections for the City of Helena in 
2000 include the present surrounding area and that this area has been 
counted twice. Therefore, since ED 999A is the only district in which 
substantial growth is projected, the estimated service population of 


Helena is the same as projections for Helena within the city limits. 


On the basis of the projected growth rate of 20 percent for the City of 
Helena from 1980 to 2000 (Table VII, City Plan), and upon the assumption 
the City Commission will continue to enforce its policy of requiring 
annexation as a condition to receiving service. The year 2000 service 
population is 28,759. Adding the 941 persons residing outside the city 
limits who presently receive service, the total is 29,700. Service 
populations using a 20-year life of plant constructed in 1987 are 


estimated as follows: 


TABLE VII HELENA COMPREHENSIVE PLAN, 1981 
HELENA AND LEWIS AND CLARK COUNTY CENSUS POPULATION 


City 1920 1930 1940 1950 1960 1970 1980 
Helena Pepe  OOse b> 950 el) bole 20,227 22,730 23,938 
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PROJECTED SERVICE POPULATION - HELENA WATER SYSTEM 


Year Population Year of Plant Life 
1980 24,900" & More detatied discuss ten 

1987 26,500 0 

1992 27,664 5 

1997 28,900 10 

2000 29,700 iS 

2002 30, 200 15 

2007 31,600 20 


City building permit records show an average of 100 living units per 
year over the last four years being constructed in Helena. Based upon 
the occupancy rate of 2.4 persons per household rate reported in the 


1980 Census, the service populations appear reasonable. 


Service Population Distribution: 
The distribution of the service population throughout the service area 
is important to the evaluation of water supply alternatives; i.e., 


Capacity and location of treatment plants, wells and reservoirs. 


There are three major and two minor service areas to the Helena water 
System. The major areas, corresponding to the systems that feed them, 
are the Malben-Woolston, the Hale and the Winne. The minor systems are 
the Upper Hale and the Upper West Side. Service areas and reservoir 
systems may be used interchangeably. The distinguishing features of 


the reservoir system service areas, are the elevations at which the 
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reservoirs are located and the pressures sustained in the system they 
feed. Figure 6-1 of the Water Master Plan shows the respective service 
areas also referred to as zones. For a more detailed discussion of the 


service areas refer to the Water Master Plan, Chapter 6. 


The Hale System including Upper Hale is self-sufficient. Its supply, 
Orofino Gulch and Eureka Well are capable of meeting both present and 
future maximum demands without need for importing water. In fact, 
Eureka well has occasional excess capacity during off peak times that 
can be and is used to supply water to the Malben-Woolston System. The 
Malben-Woolston System, itself, is divided into two distinctive 
pressure zones by pressure regulating valves on all mains crossing the 
Burlington Northern Railroad tracks. These two ones are known as the 
Upper and Lower Malben-Woolston Systems, respectively. The Winne 
System and Upper West Side System are both pumped supplies that derive 
their water from the Upper Malben-Woolston system. Therefore, in 
essence, there are three principal service areas - Hale, Upper Malben- 


Woolston and Lower Malben-Woolston. 


The 1980 Census block data for the City of Helena obtained from the 
Montana Department of Commerce showed the population of Helena 
residents north of the Burlington Northern Railroad corresponding to 
area census area 9901 to be 3661. The population served by the Hale 
System, corresponding to block group 6 of census area 9903 and block 


group 6 of census area 9904 less blocks 601, 603, 615, 616, 617 and 628 


107 










ont Yo notzevoet het iaseb sron 4 9 say 28 60h . 
0 edger) an wd ot sph a 





xfadve ei! Angtottue-tfse at ov io 


2367 NE woth sein a? _— Sor we sae ot | : as 
tard 2omit aesq Yo gatwwh ugtitoaqeaergaxs ‘hanetaes: 28 Com esr a an 
eft .Ingdey2 noveloot-nediew’ off pt: sas vias Pr) ain at bre ‘ecm 
ayidonigeth ows ofmh hebieth. at i Fisedt node? neta ooW-nodtsm le ; 
oft paiecor> adtem Tis no eavi sw onhtefuperr onuas ong yl 2onOR sieeDny | ) 
3 25 mwond ors zen owl e2oiT ‘Sta? boy! +68 wrietlnmagng ia 
anni sat .yfovitoagesy ~emetene’ ‘ode faodsnont et. xowoid bin age A rh. : 
oviveb SeAd eetiqque beqiug tod ow medeye obt2 deal regql Bre. astey? 
nt ,evotervstT .moseye nodefooW-nediam neqgql an? mov. setew vias | 
~aadiaM roqql..9fsH ~ 2ee16 sotvacafagontiyy seit nm event: woonbees 








Pana 
herd | , oa. ‘ 
, ; 
“7 


Mention ae) 
pha rtite a oh >) | 
pe q F 


. i { : : : - 
7 fq 7 4 
‘ hs a 4 oo te) - ~~ Lye » A 
roe : i 564, A + 
883 bos Vd ‘ena otha Lal as 
. ‘ - ot 1 ie ss 
: i : a4 7 a oe bare a? os 
. if s : cm rr ps hie |e ie ; : uy . at ' 
; are » , : H . i ; YT eat 7 
_ 


to be 2572. This leaves 18,667 people residing in the Upper Malben- 


Woolston, Winne, and Upper West Side areas. 
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APPENDIX 3 


CITY OF HELENA WATER SUPPLY 
COMPLIANCE SCHEDULE 
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Recacnment . Co 


SAFE DRINKING WATER ACT 
APPLICATION FOR EXEMPTION 
CITY OF HELENA, MONTANA 


Expansion of system capacity during exemption period. 
ee en ee ee ee Ee Pee eV 


The capacity of Helena's Missouri River Treatment Plant will be increased 
by May 1984 so it can provide approximately 9.75 million gallons per day. 
(See Attachment "E") 


- 


Explanation of any other compelling factors’ preventina compliance. 
q C : 


The City of Helena has experienced water rate increases in the following 
years: 1958, 1977, 1978 and 1979; along with the proposed rate increase 
of 1982. The proposed 1982 rate increase will increase charges from 80 
to 150 percent to the users. This increase, combined with the other two 
recent increases, amounts to four increases in six years. These recent 
increases are a compelling deterrent to another rate increase in order to 
construct a treatment plant adequate to meet the MCL standard. 


During the months of November through May, it will be necessary to maintain 
a flow of one million gallons per day through the settling pond, yegardless 
of the turbidity, in order to preclude freezing of the settling pond and 
the transmission mains. At all times, a minimum flow will have to be main-_ 
tained, regardless of the turbidity, in order to provide sufficient volumes 
of water for the downstream users that cannot be served by Missouri River 


water. 


Describe your plan for providing safe drinking water in case of an excesSive 
rise in contaminant level for which the exemption is requested. 


oe - 


A. WATER SYSTEM OPERATION - PHASE I (1982 - Jan 1, 1984) 


1. The Ten Mile System will be shut down if it exceeds the predetermined 
turbidity units (lONTU) and the City will operate the Missouri 
River Treatment Plant at’'a minimum flow of 1.8 million gallons per 
day for an average of six days per week, except Guring shutdown for 
construction or necessary maintenance. 


2. A minimum total chlorine residual of .3 mg/l will be maintained 
throughout the distribution system. The City will do monitoring 
of chlorine residuals throughout the system, and submit the results 
of the monitoring to assure the maintenance of the minimum residual. 
The monitoring will be done on Monday and Thursday of each week 
at the following locations: 2501 Belt View, Forrest Estates Pump 
Station, Husky Truck Stop, Wastewater Treatment Plant, Cooney 
Convalescent Home, and Fort Harrison. The results of the monitor- 
ing will be submitted to the Water Quality Bureau on the following 


Wednesday. 
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Page 2 


Bi 


Attachment "Cc" 


An in-line turbidimeter and manual valves will be placed in 
Operation on the Ten Mile System. Purpose of the valves will be 
to shut down the system when the water reaches a turbidity of 


10 NTU. 


WATER SYSTEM OPERATION - Phase II (Jan 1, 1984 - June 1, 1984) 


Ls 


The Department of Health and Environmental Sciences will grant a 
5.0 NTU waiver to the City of Helena's Ten Mile System under the 
provisions of ARM 16.20.205. ‘ 


The operaticn of the manual valves will be changed so that the 
Ten Mile System will be shut down at a turbidity of 5.0 NTU. The 
City will operate the Missouri River Plant at a minimum flow of 
1.8 MGD for an average of six days per week, except during shut- 
down for construction or necessary maintenance, or as provided 
in item 23. 
a) If circumstances dictate the use of Ten Mile Creek water to 
meet water demands during periods that the turbidity exceeds 
5.0 NTU the City will: 


i) immediately notify the department and receive its approval; 
ii) give public notice as required by ARM 16.20.227; 
1ii)increase chlorination as required by the department. 
A minimum chlorine residual of 0.3 mg/l will be maintained through- 
out the distribution system. The City will do monitoring of 


chlorine residuals throughout the system, and submit the results 
to the department. The monitoring will be done as in Phase I (Item 


2)- 


WATER SYSTEM OPERATION - PHASE III (after expansion of MRTP to 9.75 
MGD (June 1, 1984) 


as 


Tne Missouri River Plant will be operated at full capacity on a 
full-time basis to provide as much treated water to the City's 
users as possible except as provided in item 23 or for shutdown 
for construction or necessary maintenance. 


The manual valves will be operated so that the Ten Mile System 
will be shut down at a turbidity of 5 NTU. 
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Page 3 Attachment "Cc" 


Describe your plan for interim control measures during the effective 
Peers ie 2 ee een nhciimeereeniiewaaeit rinses aetna 
period of the exemption. 


Phase I: Operate the Ten Mile System as long as it does not exceed 

10 NTU. If it exceeds 10 NTU, the system will be shut down. The 
Missouri River Treatment Plant will provide a minimum of 1.8 million 
gallons per day for an average of six days per week, except during 
shutdown for construction or necessary maintenance. Adequate chlorine 
residuals (.3 mg/l total) will be maintained throughout the distribution 
system. Valves will be installed on the Ten Mile System to shut it down 
if 10 turbidity units are exceeded, except as provided in item 23. 


Phase II: Operate the Ten Mile System as long as it does not exceed 5 NTU. 
If it exceeds 5 NTU, the system will be shut down. The Missouri River 
Treatment Plant will provide a minimum of 1.8 million gallons per day for 
an average of six days per week, except during shutdown for construction or 
necessary maintenance. Adequate chlorine residuals (.3 mg/l total) will 

be maintained throughout the distribution system. Valves on the Ten 

Mile System will shut it down if 5 turbidity units are exceeded, except as 


provided in this attachment, or as provided in item 23. 


Phase III: After expansion of the Missouri River Treatment Plant) the 
plant will operate at full capacity at all times and the Ten Mile System 
will only be used if it does not exceed 5 NTU, except for the fire 
protection and as provided in item 23; or for shutdown for necessary 


maintenance. 
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1) 


2) 


3) 


4) 


5) 
6) 
7) 


8) 


9) 


* - Missouri River Treatment Plant Expansion to 9.75 MGD 


Attachment 


27) COMPLIANCE SCHEDULE 


Start of preliminary planning 


Completion of preliminary 
planning 


Start of final plans and specs 


Completion of final Dlans and 
specs 


Obtaining construction funds 
Stone of Construction 
Completion of Construction 


Completion of a detailed 
O & M Manual 


Plant start-up 


*kt-—- Ten Mile Treatment Plant Construction 
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*MRTP 


Completed 


Completed 


May 1982 


Oct. 


June 


1982 


1982 
1983 
1, 1984 


iy 1964 


L, i984 


**T MTP 


Completed 


Completed 


35% Complete 10/13/80 


June 1, 1985 


Completion Nov. 1, 1984 
Sept, Ly 2985 
June l, 1987 


’ 


June 1, 1987 


June 1, 1987 
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DETAILED COST SUMMARIES 
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APPENDIX 5 
ANALYSIS OF TREATMENT OPTIONS 


FOR TEN MILE CREEK WATER 
TREATMENT PLANT 
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IN) S (I DEPARTMENT OF CIVIL ENGINEERING & ENGINEERING MECHANICS 


COLLEGE OF ENGINEERING MONTANA STATE UNIVERSITY. BOZEMAN 59717 


June 20, 1984 


Mr. James M. Gillie 
Civil Engineer 
Hydrometrics 

2727 Airport Road 
Helena, MT 59601 


Dear Jim: 


Enclosed herewith is my preliminary assessment of the Ten Mile Creek 
Raw Water for Direct Filtration. I think pilot studies should be run prior 
to any decision to build a full scale treatment plant. The algae in the 
water is probably the cause of the taste and odor problem and the only 
limitation for direct filtration. An alternative engineering approach 
would be to construct the treatment plant in phases; initially, the filters 
alone with the layout allowing for the flocculation-sedimentation units 
if they become necessary. 


Please feel free to contact me if you need any additional information. 
Yours Sincerely, 


Pally 


A. Amirtharajah 


Professor 
AA/mem 
Enclosure 
TELEPHONE (496)994 2111 < 
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Analysis of Treatment Options for Ten Mile Creek 
Water Treatment Plant 


by 


A. Amirtharajah 
Professor of Civil Engineering 
Montana State University 
Bozeman, MT. 59717 


Analysis of Raw water Source 


The current Ten Mile Creek Water Supply has disinfection as 
the only treatment process. Table 1 shows data on finished water 
quality over a two year period. The turbidity has always been less 
than 8.5 T.U. during this period. Some records indicate that the 
turbidity rises to levels of 13 to 19 NTU after an intense rainstorm. 
Color in the water has not been significantly high. The water also 
has pH in the range of 6.0 to 6.8 and algae counts of the order of 
1533 to 9530 cells/ml. The alkalinity and hardness of the water is 
very low in the range of 14-64 mg/l as Caco... 


Direct Filtration as a Treatment Scheme 


A literature review (1) has indicated the limiting parameters 
which cohtrol the selection of direct filtration as a treatment 
option. The “perfect candidate" raw waters for direct filtration 
are those with the following limits on quality: 


Cole 9s 41) oc Als 
Turpidrecy (<5 NTU 
Algae < 2000 asu/ml 
iron, <..0.3 mg/i 
Manganese < 0.05 mg/l 


Some authorities (1) indicate that the above limitations are far 
too conservative and that turbidities up to 25 NTU can be tolerated 
in direct filtration schemes provided the alum dosages required for 
treatment are less than 15 mg/l. 


Amirtharajah and Suprenant (1) have shown how the Alum Coagulation 
Diagram could be used to select the chemical dosages required for 
direct filtration. Fig. 1 shows the region where alum coagulation will 
be effective. 


The raw water quality parameters of the Ten Mile Creek supply 
based on Table 1 indicates that the water is probably highly suited 
to direct filtration except for the algae counts. The low alkalinity 
and pH in the range of 6.0 - 6.8 suggest that low alum dosages will be 
very effective in destabilizing the particles for direct filtration. 
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ALUM as Al{SO, is : 14.3H,0 -mg/L 
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IV. 


Algae as a Limiting Parameter 


The algal counts in the Ten Mile Creek Supply are in the range 
of 1533 to 9530 cells/ml which are significantly above the require- 
ments of 2000 asu/ml for the perfect candidate waters. The algal 
count studies indicate that a large fraction of the algae (60 to 80%) 
are the species Oocystis. The filter clogging algae such as Diatoma 
and Chlorella are much smaller in numbers. In order to evaluate the 
effect of high numbers in Oocystis it will be necessary to run some 
pilot studies to determine their effect on filter runs. A possible 
alternative would be the specific design of the media to accommodate 
the removal of these algae. Another approach would be to determine 
some means of reservoir management such that the algae counts are 
reduced or not drawn into the raw water conduit. 


Conclusions 


The Ten Mile Creek Water Supply source has a water ideally suit- 
molestor darece fiitration, except for the high algae count. It is 
recommended that pilot studies be seriously considered to evaluate 
the suitability of direct filtration for filtering these algae. 


Reference 


(1) 


Amirtharajah, A. and Bryan K. Suprenant, "Direct Filtration Using 
the Alum Coagulation Diagram" presented at the Annual Conference 
of the American Water Works Association, June 10-14, 1984, Dallas, 
Texas. 
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APPENDIX 6. 
TURBIDITY OF TENMILE CREEK SUPPLY HEADGATES 
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TO: MORRISGN-MAIERLE, INC. 

FROM: Lyle Griffiths, Chief Operator, 10-Mile System 
DATE: culty 75," 1986 

ues Turbidity et Heedgetes 


In regerds to Turbidity at the headgates during a rain strtrm. This will vary depending 
on the intensity of the storm. Ten Mile hradgate appears to have the worst turbidity 
prodlem, this is due partly because of the road above 10-Mile hcadgate. After the flood 
of 1981 the road was built up and during 2 heavy rein this water runs off the road ang 
into the headgate. Durino a heavy rain accompanied by nail, this headgete has reached 
turbidity af 400 to 500. This rarely happens but is not uncommon in that sree. During 2 
more average storm NTU will reach between 20 and 70, end this is what we normaly hive. 
This headgete also has our largest volume of water, either free water or from Scott Res. 
After a normal storm this headgate takes approximately S hours to clear us so it can 

be put into the system again. 


Seaver Creek headgate also lies in the same area es 10-Mile headgate, and this heecgate 
is in the same range as our 10-Mils neadgete for NTU curing a storm. This may be.cue to 


the fact that this water shed lies in the Red Mountain erea and hes many small Feeder 
creeks that dump into Seaver Creek, which is collected et our Beaver Creek headgate. 


Moose Creek headgate is our smallest headsets and hes the leest amount of water during 
the summer and winter months. This headgate is feu. by a small Seaver Dam approximately 
three quarters of a mile from the heedcate. During a rain storm this water is more dis- 
colored than it is high in turbicity,.and is usely in the high 20 to 30 renge for NTU. 


Minnieheha Creek is our best source of quality water in reference to NTU averege. It is 
also one of the smallest, but like Noose Creek it clears up varely fast after @ storm. 
Minnighaha and Moose do not receive as many storms or the intensity that 10-Mile end 
Geaver Creek do. After a storm NTU is in the range of 10 to 20 at Minnieheha but has 
been higher after an unusual severe storm which is seldom seen in this area. 


Jalker Creek headgate appears to have the poorest quelity water due to the Coliform 
problem. This headgate is not normaly used, except on rare occassions such as’ the 


Flood of 1981. This headgate is not monitored in the winter months Secause of snow sand 
it is not uncer normal conditions being used. This headgete hes 2 high turbidity averages 


in comparison to the other heedeates. 


Ten Mile is the largest producer of water, then seaver Finndeliaia,) Moose and Walker Creek. 


pe eoeespuge I 


Aree Cpoerdt 10-Mile System 
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